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Voltammetry of Unsaturated Steroid Compounds
(Voltametrie nenasycenych steroidnich sloudenin)

Eva Blihova. Kristyna Jelsikova. Michal Zelensky, Jana Kubegovi. and Karolina
Schwarzovi-Peckova
Charles University. Faculty of Science. Department of Analytical Chemistry. UNESCO
Laboratory of Environmental Electrochemistry, Albertov 6, 128 43 Prague 2, Czech Republic,
E-mail: karolina.schwarzova@natur.cuni.cz

Abstract

Steroids are organic compounds derived from saturated evelopentanoperhydrophenanthrene
ring. This study is devoted to investigation of electrochemical behavior of sterols in dependence
on various positioning and number of double bonds inside the steroid core using cyelic
voltammetry in the media of an indifferent electrolyte or dehydrating inorganic acid in
acetonitrile using carbon-based electrodes including the boron-doped diamond electrode.
Steroids possessing one double bond in the steroid core (e.g., cholesterol) are oxidized at more
positive potentials than steroids with conjugated double bonds (e.g., 7-dehvdrocholesterol).
Sufficient difference in oxidation poter provides base for the development of voltammetric
methods for their detection.

Keywords: Boron-doped diamond ¢lectrode, Cholesterol, Cyclic vol v. Non-agueous
media. Oxidation. Steroids

Uvad
Steroidni slougeniny jsou rozshlou skupinou fyziologicky viznamnych latek
strukturni jednotkou je steran (eyklopentanoperhydrofenanthiren, Obr, 1), a patii mezi né napr.
Zlucové kyseliny, vitaminy skupiny D. steroly. pohla hormony nebo hormony kary
nadledvin. Steroly jsou lipofilni litky vy 1 e prirozené v buitkdch zivodichi, rostlin a
ub. Maji hydroxylovou skupinu v poloze C3a jejich variabilita je dina podtem a rozlozenim
¥ C17. Steroly se podileji na fuidits
a pmncabllﬂé bunéényeh membran. V malém mnozstvi se nachidzeji té2 v endoplazmatickém
retikulu, tonoplastech a mitochondriich. V téchio lich se nemuscji nachdzet pouze v
membrané, ale i volné v intracelularni tekutiné. Fytosteroly se v rostlinich vyskytuji ve
smésich. Ve srovndni rostlinnyeh sterolit s cholesterolem jsou tyto ve svyeh postrannich
fetézeich rozmanitéjii. Nejbézngjsimi fytosteroly jsou stipmasterol. ktery v buiice ovliviuje jeji
proliferaci a diferenciaci, a P ;numml ktery ovliviiuje propustnost bun&éné membriny.
Ergosterol se nachizi predeviim v bunééné membriné hub. Ziroven je provitaminem Do
Biosyntéza cholesterolu (pres lathosterol a 7-dehydrocholesterol) a ergosterolu u saveil a
kvasinek vede pres lanosterol ',

Elektrochemicka aktivita steroidnich sloudenin neobsahujicich kenjugované dvojné vazby ve
steroidnim skeletu je velmi omezend *. Cholesterol, vybrané oxysteroly a fytosteroly s jednou
dvojnou vazbou Ize oxidovat pfi vysoce kladném potencidlu v nevodném prostiedi, jak bylo
publikovino pro jejich ampérometrickou detekei po HPLC separaci **. 7-dehydrocholesterol a

ergosterol se dvéma konjugovanymi vazbami maji v nevodném prostiedi nizsi oxidacni
potencidl 7.

WV této praci bylo sy icky studovino volt ické chovini vyse uvedenych sterold
s dvojnou vazbou A° (cholesterol, ol, 1), A7 (lathosterol ), A% (lanosterol)

as konjugovanymi dvojnymi vazbami A%, A7 (ergosterol, 7-dehvdrocholesterol) na elektrods ze



skelného uhli

u (GCE}) a borem dopované diamantové elektrodé (BDDE). kterd v porovnani
rii potencidlové okno v oblasti pozitivnich poteni i zbytkovy proud
hylnost k adsorpei jak analytil, tak produkti elektrochemickveh premén ®7
Studovana byla moznost oxidace v prostiedi aceton a indiferentniho  zikladniho
elektrolytu s/bez pfidavku vody a vyuziti dehydratace sterolli v prostredi anorganicka kyselina-
I. Tento piistup je znam jako Licbermann-Burchardova reakee a je vyuzivin pro
kolorimetrickou detekei cholesterolu. Vede k zavedeni dvojnych vazeb do steroidniho
skeletu '" a umoziiuje naslednou oxidaci na elektrodé, jak jsme ukdzali pro primarni Zludové
kyseliny !

Experimentalni &ist

Zasobni roztoky cholesterolu, stigmasterolu, f-sitosterolu, lanosterolu, lathosterolu a 7-
dehydrocholesterolu byly piipraveny o koncentraci 1.107° mol I'', roztok ergosterolu o
koncentraci 1.10 % moll ! (viechny od firmy Sigma-Aldrich) v acetonitrilu. Pro méfeni
metodou cyklické voltametrie byl pouzit piistroj Eko-Tribo Polarograf (software Polar-Pro 5.1)
od EcoTrend Plus, Praha. Pracovni BDDE (Windsor Scientific: Slough, Velka Britanie) méla
priimer 3 mm, pracovni GCE (Metrohm, Ceska republika) méla primér 2 mm. Elektrody byly
pied kazdym méfenim ledtény pomoci suspenze aluminy (Elektrochemické detektory. Tumov)
a destilované vody. Jako referenéni elektroda byla pouzita nevodni referenéni elektroda podle
Pleskova (stiibry dritek v roztoku 0,01 mol I'" AgNO; v 1 mol I"! NaClOy v acetonitrilu) a
jako pomocnd elekiroda platinova (Elekirochemické detektory. Tumov),

Visledky a diskuse

Elektrochemické chovini sedmi sterolii bylo studovino v prostiedi acetonitrilu pfi pouziti dvou
typ zikladnich elektrolytii: dehydraty anorganické kyseliny (kysel i
sirovi) a chloristanu sodného. Cyk i
viech sterolil s odliSnou polohou potencialu v zavislosti na poctu a poloze dvojnych vazeb a
ireversibilni charakter redoxniho procesu. WV bezvodém prostiedi  chloristanu  sodncho
v acetonitrilu byl sti rol. f-sit 1 a chol
oxidovany pfi poter
v oblasti tn dniho elektrolyiu pii potencidlu ca +
sterolii bude ziejmé obdobny jako byl popsin pro cholesterol, kiery se v acetonitrilu oxiduje
v4e 4H" procesu na cholesta-4.6- 3-on ? . Lathosterol (A7) je oxidovin pri n
oxidaénim potencidlu (+1.5 V na BDDE a +1.3 V na GCE) a u lanosterolu (A*) dochizi
k dalsimu posunu do oblasti pozitivnich potenciald (+1.2 V na BDDE a +1,1 V na GCE).
Pozitivnéjii oxidacni potencialy na BODE v porovnini s GCE jsou dissledkem heterogenniho
povichu BDDE. kierv zpisobuje zpomaleni kinetiky prenosu  elektronu ®. Steroly
s konjugovanymi dvojnymi vazbami A%, A7 (7-dehydrocholesterol. ergosterol) jsou oxidoviny
dvoustupfioveé pii pozitivadjsi potencidlu +0.8 V a +1.25V (nevyrazny signal) na obou
elektrodich. Uvedené signily jsou stabilni.

V prostiedi dehydratujici kyseliny lze uvedené steroly také oxidovat, v roztocich je ale vidy
pritomna voda vzhledem k jejimu obsahu v nasycenych roztocich kyselin a v méfeném roztoku
milize probihat dehydratatni reakee. jejiz kinetika o nuje naslednou redoxni odezvu. Tento
jev byl pozorovan v pripadd steroli s konjugovanymi dvojnvmi vazbami AL, A7 (7-
dehydrochelesterol. ergosterol) v prostiedi v 0.1 mol ' kyseliny chloristé v acetonitrilu (obsah
vody 0,43 %), které poskytuji dva oxidaéni signdly a pozitivingjsi naristd po dobu ¢a 60 min od
pripravy roztoki. Tvto steroly také vykazuji zmény UV spekter v ¢ase. U ostatnich steroli neni
Cagova zavislost vyrazna, oxidaéni signaly se stabilizuji do nékolika minut od pripravy roztoki,
Stig 1. [-si ol a cholesterol (A°) se opét oxiduji nejpozitivngi (+1.8 V (BDDE), +

10
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Cilem price bylo obnovit H-terminovany povrch u viec anych O-terminovanych
SC-BDD elektrod a prozkoumat jeho stabilitu u filma s koneentraci boru, Byla
porovnana rehydrogenace povrchu  pomoci  voedikového plzmu:nu a elektrochemick:
rehydrogenace katodickou polarizaci konstantnim zapornym proudem.

Experimentilni &st

Studované SC-BDD  elektrody byvly vyrobeny technikou chemické depozice par na
substrat - syntetické diamantové krystaly vyledténé do vic
pod spravnymi uhly (10° pro {118}, 15.8° pro {115} a 25 ¢ phipravené
SC-BDD byly H-terminované (H-t), ndsledné byl jejich povrch pieveden na O-terminovany (O-
1) pomoci horké smési kyseliny sirové a dusi¢nanu draselného a nasledné ozonu. Dalsi oxidace
byla provedena elektrochemicky (+2,4 V, 10 min, 0.5 mol dm™ kyselina sirovd, povrch O-
1. AA). Viechny tH povrchy ([I-I O-t. O-1. AA) byly \hxmkknm\an\ pomoci eyvklickych
voltamogrami redoxnich markerti (1 mmol dm™ hexakyanoZeleznatan draselny v 1 mol dm™*
chloridu draselném a 0.1 mmol dm dopamin v 0.1 mol dm * fosfitovém pufru (pH — 7.40)).
Dile byla provedena rehydrogenace povrchu pomoci vodikového plazmatu po dobu 60 min
(Re-HPgopin) apri druhém pokusu 90 min, 1t as rehydrogenace 150 min (Re-
HIPy50 min). Jako pos byla provedena elekir i rehydrogenace povrchu (Re-elch.).
Pfi této rehydrogenaci v prostiedi 0,5 mol dm™ eliny sirové byl pouzivin konstantni proud
~20 mA. resp. proudovi hustota asi 0.5 A cm ™. Rehydrogenace probihala vzdy v tasovyeh
intervalech (1 min intervaly pro SC-BDD s krystalovou orientaci {113} a {115}, resp. 5 min
pro {118}) az do bodu. kdy byl rozdil potencialii anodického a Katodického piku obou markeri
(AFp) konstanini (méteno pomoci eyklické voltametrie).

Pii_hodnoceni stabilty Heterminovaného povrehu u filmit s krystalovou orientaci {113}
a rozdilnou koncentraci boru (1,0« 10™ em * a 1.1+ 10%" em ) byly vidy po uréitém poctu
dni zméfeny cvklické voltamogramy redoxnich markerd citlivich ke stavu  povrchu
([Fe(CN)s]* ", dopamin / dopamin-o-chinon).

Chemikilie pouZité k pripravé roztokii redoxnich markerii (hexakyanozeleznatan draselny,
dopamin. Sigma-Aldrich) byly vysoké &istoty. Ostatni chemikilie byly analytické istoty
chlorid  draselny  (Lach-Ner, Neratovice), dihydrit  dihvdrogenfosforednanu  sodného
(Lach-Ner) a kysclina sirovi (Lach-Ner).

K méfeni eyklickyeh voltamogramii byl pouzivin potenciostat Autolab (Metrohm, CR) fizeny
pomoci softwaru Nova (verze 2.1} a tiielektrodovy systém s pracovni (SC-BDD). referenéni
(Ag/AgCL 3 mol dm™ KC1) a pomocnou (Pt) elektrodou. Pii pripravé fosfitového pufiu byl
pouzivan pH metr Jenway 3510 s kombinovanou sklenénou elektrodou.

Vysledky a diskuse

U viech studovanych SC-BDD elektrod byl nejprve porovnivan rozdil potencialii anodického
a katodického piku [Fe(CNy]™™" (AEp) pro rizné stavy povrchu: plvodni H-terminovany
(H-1), O-ter any (O-1) a O-terminovany po anodické aktivaci (O-1 AA). Visledky pro
elektrody s krystalovou orientaci {113}, {115} a {118} deponované pfi B/C = 2000 ppm jsou
shrnuty v Tabulee I Je evidentni, e elektrochemicki oxidace je uginngjsi nez kombinovani
oxidace v kyseling / ozonovém plazmatu a dochazi k nartistu A&}, TentyZ trend byl pozorovan
pro dopamin. Nasledné byla provedena rehydrogenace pomoci vodikového plazmatu po dobu
60 min + 90 min. Postup byl opakovin. z divodu nizké ncinnos je ziejmé z hodnot AEp
pro [Fe(CN)]' ™ v Tabuleel. Byly vysledoviny ndsledujici trendy: (i) u elektrod




s krystalovou orientaci {113} rostla uCinnost rehydrogenace s rostouci koncentraci boru,
(i) uelektrod s krystalovou orientaci {115} byl pozorovin posun AL, knizsim hodnotam
v pripadé [Fe(CN)s|**", nikoliv viak u dopaminu.

Naopak elektrochemickd rehvdrogenace povrchu byla Gspéina u viech studovanych SC-BDD
clekirod. 17 elektrod s krystalovou orientaci {1183 byl tento zpisob rehydrogenace nejméné
acinny  arehydrogenace trvala vyrazné delii dobu (celkova doba elektrochemické
rehydrogenace az 40 min) nez v piipadé elektrod s krystalovou orientaci {113} a {115} (2az3
min). Katodicky pik byl v néktervch pripadech nevyhodnotitelny. proto je uvedeny pouze
potencial anodického piku (£ ).

Tabulka I
Naméiené  hodnoty  AEj pro [Fe(CN)]* riznyeh  stavech  povrchu:  pivodni
H-terminovany (H-t), O-terminovany (O-1). O-terminovany po anodické aktivaci (O-1. AA). po
rehvdrogenaci pomoci vodikového plazmatu po dobu 60 min (Re-TPs win) a nasledné 90 min

(Re-HPisomin) a po elekir

A/ mV IFu((‘T\‘)sP"J
8C- Re- Re-

BDD  [Blat.em ? H-t 04 O, AN HPsomin HPisomin __ Re-elch.
113C 1,1 < 107 88 96 127 271 168 85
115C 85 < 107 8 110 149 367 207 74

118C 6.2 < 10" 100 137 129 Lpa 581 fpa 589 101

Nisledné byla u SC-BDD elektrod s krystalovou origntaci {113} koncentraci _boru
L0107 em ™ (113A. nejméné dopovand) a 1.1 < 10™ em™® (113C. nejvice dopovand)
studovana stabilita H-terminovaného povrchu na vzduchu po dobu dvaceti dni. 2 oby
usoudit, ze pit i koncentraci boru dochazi k pomémé rychlé oxidaci povrehu, jak je z
2 nirfistu AF, pro [Fe(CNJ . Na druhou stranu pH vys8i koncentraci boru do
teéné oxidaci povrchu po nékolika prviich dnech a dile se stav povrchu jiz vyznamné
i. Toto pororovini je vsouladu schovinim polykrystalickych BDD filmi * %"
Experiment bude proveden i pro daldi vybrané SC-BDD elektrody

Zavir

Elektrochemicka rehydrogenace H-terminovaného povichu byla, na rozdil od rehydrogenace
pomeci vodikového plazmatu, u viech studovanieh SC-BDD elekirod ispéind. Nejvetsi
uéinnost rehydrogenace povrehu byla dosazena u SC-BDD elektrod s krystalovou orientaci
{113} a {115}, USC-BDD elektrod s krystalovou orientaci {118} byla dinnost naopak
nejhorii a rehydrogenace povrchu trvala nejdéle. Tento jev zfejmé souvisi s nizgim obsahem
boru u téchto elektrod v porovnani s {113} a {115} SC-BDD.

Bylo pozorovino, ze SC-BDD clektroda s nizéi koncentraci boru (113A) je nachylngjsi
k spentanni oxidaci na vzduchu nez elekiroda s ca o 1 fad vyssim obsahem boru (113C),
a dochdzi k v¥raznému zpomaleni kinetiky elekironového prenosu pro [Fe(CNJo]*
 souladu s dalimi pracemi provedenymi na polkrystaliekych BII filmech o rozdilng drosi
dopovani

, co¥ je

Visledek je viak zalozeny na pouse jednom experimentu se dvéma SC-BDD elektrodumi
s krystalovou orfentaci {113} a bude proveden zmovu i pro dalsi vybrané SC-BDD elektrody
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Abstract

E. coli, a gram-negative rod-shaped bacterium, is an important component of the mammalian
intestinal microflora. Partial aim of this work was to identify B-galactosidase enzyme as one of
the possible factors characterizing disintegration of bacterial I The interaction of of
bacterial membrane with oligopeptide cathelicidin LL-37 and microwave radiation were
studied using electrochemical methods. In the investigation of structural changes in the hacterial
membrane, square-wave voltammetry and chronopotentiometric anal at mercury electrode
were used. UV/VIS spectrophotometry was used to indirectly track changes in bacterial cell
structure.

Keywords:  Fscherichia  coli.  Peptide  interaction,  Square-wave  voltamperometry,
Chronopotentiometric striipping analysis.

Introduction

Bacteria are microorganisms that are present in every comer of our planet. They form large
group of prokaryotic organisms. Their size ranges from 0.3 1o 5 um and they have a number of
shapes, such as spirals, spheres, and rods. They have a tendency to form larger active complex.
This feature is typical for coccr as they can form diplococei, staphylococei, or streptococei
Escherichia coli (E. coli), rod-shaped bacterium is an important component of the mammalian
intestinal microflora. These microorganisms are gram-negative bacilli that exist singly or in
pairs. . ¢oli is one of the most frequent causes of many common bacterial infections, such as
cholecystitis, bacteremia. cholangitis, urinary tract infection, and other clinical infect;
neonatal meningitis and pneumonia >

The aim of this contribution was to study the interaction of bacterial membrane with
antimicrobial peptide by physico-chemical techniques. Cyelic voltammetry, square-wave
voltammetry (SWV), and chronopotentiometric stripping analysis (CPSA) were used in order
Lo examine the possible membrane interaction of two £. coli bacterial strains with antimicrobial
peptide and microwave irradiation. Partial aim of this work was 1o identify B-galactosidase
enzyme as one of the possible factors characterizing disintegration of bacterial membrane,
UV/VIS spectrophotometry was also used to indirectly confirm changes in bacterial cell
structure.

Experimental

Two bacterial strains. Escherichia coli CCM3988 and Escherichia coli ML-35p, were studied.
The cultivation process and f-galactosidase detection is in more details described in our
previous reports !







Square-wave voltammograms of £, ¢oli strain before and after exposure to cathelicidine L1-37
clearly show the strong interaction between this oligopeptide and bacterial membrane.

Based on the information in figures recorded during measurements it can be deduced that
cathelicidin LL-37 has a strong impact on £, ¢oli membrane. After addition of this antimicrobial
peptide to the solution with £, coli strains clear differences on SW voltammograms observed.
Very similar observation can be made after microwave irradiation®*. All these date confirm that
antimicrobial peptides are potential disruptors of several bacterial membranes. Based on our
measurements and the available literature, we can conclude that the nature of these interactions
lies in the charge interaction between the peptide and the membrane.

Conclusion

It can be concluded that the cathelicidin LL-37 and microwave radiation have a significant
effect on the electrochemical signal provided. In SWV, the curves representing the native form
of the £. coli bacteria. in addition to the background peaks. exhibit two other peaks in the arca
of high positive potentials versus RE probably corresponding to oxidation of OH groups on
bacterial membrane structures. The disappearance of these peaks in bacteria that have been
exposed to the antimicrobial effect of cathelicidin or microwave radiation could be a result of
a change in membrane structure. Differences observed on graphite electrodes between intact
bacteria cells and cells with disrupted bacterial membrane due to microwave radiation are of
different nature than due to LL-37 exposure M
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Fig. 3. SW voltammograms of 50 uM CIP in effluent wastewater at different flow rates (f = 10
Hz. a=10mV, Esse=5mV),

Conclusion

In this study. we focused on the determination of ciprofloxacin in a flow system, which was
never studied before. For the measurements, we used an electrochemical flow cell, which
simulated the real sewage system. The results clearly showed that the flow regime has a
significant influence on the electrochemical behavior of ciprofloxacin. Therefore. inthe case of
the measurements that take place directly in the effluent wastewater. the effect of the flow
regime must be considered. In order to deploy an online monitoring device. which could
measure the concentration of antibiotics and other environmentally harmful substances directly
in the sewage system, this finding is really important.
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Abstract

Secondary structures of nucleic acids (NAs) play important roles in their biological functions
and stability. The possibility to study structural changes of NAs secondary structures using
electroanalytical methods still remain challenging task. Discovery of electrochemical
reducibility of NAs on basal-plane pyrolytic graphite electrode (hPGE) opened new
possibilities for electroanalysis of NAs on negatively and positively charge surfaces. Here in.
structural changes between non-canonical guanine quadruplex (G4) and single-strand (ss-)
forms of model oligodeoxynucleotides (ODN) were studied by adsorptive transfer stripping
linear sean voltammetry (ATS-L8V). Parameters, such as constitution of the electrolyte and
composition and ionic strength of the solution, from which the ODN is adsorbed on bPGE,
together with ODN's concentration and adsorption time have been optimized. Deeper
understanding of the electrochemical behavior of G4 and ss- ODN forms adsorbed on bPGE is
essential for its further application in detection of NAs" structural changes.

Keywords: clectrochemistry, guanine quadruplex. pyrolytic graphite electrode. non-canonical
secondary structure, voltammetry.

Introduction
Next to the well-known canonical double helix, DNA molecules are known to adopt alternative
stable secondary structures. Among them, guanin quadruplexes (G4) are formed by tracts of
several consecutive guanines. Four guanines are hound together through Hoogsteen hydrogen
bonds, forming planar G-tetrads that stack on each other by m-m stacking, An essential factos
ility of G4 is the presence of monovalent cations (K' = Na' = NHy') occupying central
s between two adjacent tetrads, with K™ generally providing the best stabilizing effect ',
Gds play a nt role in hiological processes of the enkarvotic and prokaryotic cells
(regulation, transcription and translation) *. In genomic DNAL putative G4 forming sequences
are overrepresented in functionally important regions. namely regulatory regions including
gene promoters, and telomeres. Recently. Gds have been reported to be formed in higher
quantities in cancer cells compared to normal cells, what makes them perspective targets in
cancer treatment

In this work, we have studied the adsorption of ODNs. non-labelled and fluorescently labelled,
on bPGE by adsorptive transfer stripping linear scan voltammetry (AdTS-LSV) and morcover
optimized the adsorption conditions with the aim to distinguish between G4 form and ssODN
structures.

Experimental

Voltammelric experiments were carried out by potentiostat Autolab 302N (Metrohm-Autolab)
comnected with VA Stand 663 in three-clectrode setup including: bPGE (Danhle MEM 2021)
(0.D. 3 mm, PGE supplied by Momentive, USA, preparation is deseribed in Ref. %) as working
electrode, platinum rod as counter electrode and Ag/AgCl3M KCI as reference electrode (both
Metrohm-Autolab). The electrode was briefly polished by twisting it on a paper towel and
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For better comparison, ratio of the peak currents regulated to the number of the bases in the
ODNs were evaluated. Thus, deviation between the individual measurement caused by high
wvariation of the bPGE surface morphelogy was eliminated. It is evident from the Fig. 3A, that
significantly higher Ip(GT*/CA*) was observed in the case of HUT-T2 adsorption form K’
then Li", with significantly increasing ration from 0 to 100 mM KCL due to stronger effect of
K+ on the G4 stabilization and its adsorption on bPGE. Contrary, in the case of no-G4 forming
sequence 4BASIL the ratio remains more or less constant and analogous in both K™ and Li”
According to these results, 100 mM KC1 and LiCl was used for further experiments, where an
effect of the adsorption time (tads) has been studied. In this case 4BASIL and HUT-T2 labelled
by rhodamine derivative (TAMRA) have been used. In case of G4 forming sequence,
significant differences were observed within the adsorption time from 5 10 60 s. The longer
adsorption time probably leads to gradual unfolding of the Gd structure (Fig. 313)

Moreover concentration of the ODN has negative effect on the discrimination between the G4
and ss- forms, where concentration higher than 2 uM of ODN caused gradual decrease of the
Ip(GT*/CA*) ratio (Fig. 3C). Analogous results were observed also for the rest of the ODNs
not shown above.

Thus, we have successfully optimized several parameters, which otherwise disabled successful
study of ODNs” structural changes. More ODN structures will be studied in following research.

Conclusion

Our systematic research revealed and optimized specific parameters which have to be taken
into account during electroanalysis of ODNs adsorbed on bPGE. Thus, suitable electrolyte
(0.2 M lithium acetate pH 5.0). concentration of the salts (lower than 100 mM), adsorption time
(shorter than 60 s) and ODN concentration less than 2 pM has to be used for successful studies
of G4 and ss- structural changes.
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Slozilejsi tvary navi

pii tisku podporu pievi i Vysledny vytistény predmét
proto obvykle v ou povrehovou pravi, s v odstranéni prebytecnych
Gisti a pripadném zalediéni. VEsi predméty obvykle nejsou tistény plné, ale duté s vitinimi
podpiirmymi lamelami: diivodem neni jen Gspora materidlu, ale zejména predchazeni
komplikacim spojenym s velkymi bloky materidlu (nepravidelné tuhnuti, viitini pnuti apod.).

Chemickd odolnost

Polymery. které tvofi drtivou viétsinu pouzivanych tiskovyeh materiald, maji sklony interagovat
s mnoha chemickymi slouteninami. véetnd téch béznd pouzivanych. Odhlédneme-li od
tiskovych materialit rozpustnych ve vods Sina bézné pouzivanveh materidli neni stabilni
v organickych rozpoustédlech, Pimé naleptani az odmyti povrchové wvrstvy
zjevny éné napadné je znaind obvyklé bobtndni vytisténych predméti v disledku
pohlcovani piisludného rozpoustédla. které vede k mechanickym deformacim a poskozenim.
Z anorganickych elektrolytin predstavuji obvykle nejvétdi problém roztoky hydroxidi.

fe znakem

Kontakt zejména s organickymi rozpoustédly mize zpisobit vymyvani chemickych litek
z polymernich struktur do roztoku, véetng latek elekirochemicky aktivnich nebo naopak latek,
které mohou interagovat s analyty sledovanymi pomoci elektrochemickych metod (Obr. 1),
Tento fakt je zapotfebi mit na paméti zejména pii méné obvyklyeh koml
rozpoustédel.

] 200 400 600 800 1000
E(V)

Obr., 1. DP voltamogramy elektrolytu slozeného z 1M KCla MeOH (1:9. V/V) po 24 hodinich
kontaktu s resinem Clear (plna &ra) a tého? roztoku ohsahujiciho 10°M [Fe(CN)| ™. Elektroda
ze skelného uhliku, rychlost skenu 20 mV/s, Sifka pulsu 100 ms, vvika pulsu 50 mV.

Kompozitni materidgly

Vlastnosti zikladnich tiskovych materiali lze ovlivnit piimési vhodné pevné slozky. jemné
¢ v polymernim mat; u — zdaleka nejobvyklejsi je tento postup pro probarveni
pridavku pigmentit, ek pewné slozky s vhodnymi viastnostmi
ovlivnit i jiné parametry tiskového materialu — piidavek uhlikové slozku napiiklad zajisti
elektrickou vodivost polymeru a piidavek sklenénych astic zvyéi chemickou odolnost. Tento
postup oviem ma sva omezeni, jeliko? pfidavek pevné slozky ovliviuje viskozitu tiskového
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materidlu a neni tedy mozné ho libovoln zvyiovat. Problémem je rovnéz sedimentace pevné
slozky s prilis vysokou hustotou

V gouvislosti & kombinacemi materiall je rovnéz vhodné si uvédomit rozdil mezi FDM a SLA
— zatimeo pryvni z technik pouziva jako zdroj polymeru tiskovou vanu a vysledny vytisk tedy
musi byt pouze z jednoho tiskového materialu, druhd umoziuje stridanim trvsek kombinovat
v jednom vyrobku vice riznveh tiskovyeh materiali,

Zavir

3D tisk je velmi progresivni technika s mnoha vyhodami pii opemmnl vyrobé soucdsti pro
mnoho oblasti lidské Zinnesti, elektroanalytické aplikace nevyjimaje. Chemické vlastnosti
tiskovych materi: svzaduji oviem opatrny pristup, respekiujici zejména omezeni dana
vlastnostmi pouzité tiskové techniky a interakeemi tiskovyeh materiali s rizinyimi chemickymi
slou¢eninami.
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Abstract

The subject of our study involved the treatment of real process wastewater from the production
of rayon fiber. During the annual menitoring of the production facility, we performed a mass
balance of three problematic sources of process wastewater and analyzed them repeatedly. All
three sources showed high values of COD = 0.4-30 g/L. TOC = 0.09-7.1 g/L and the
concentration of Zn®' 0.09-0.5 /L. At a total volume of 1.84 million m’, represents a
significant pollution source for the Elbe River. At lab scale. we tested a combination of
filtration, microfiltration and oxidation using the electro-Fenton reaction. Using an optimized
technological sequence, we have achieved a COD reduction of up to 98 %, and TOC reduction
of 85 % g/L. The method was verified at a pilot scale.

Keywords: Electro-Fenton reaction, Sacrificial electrode, Industrial Waters, Viscose
Production.

Uvod

Cilem této price hylo ve spoluprdci s firmou Glanstoff Bohemia s.r.0. nalézt hlavni zdroje
mecistén technologické vody, nalézt v laboratornim mefitku vhadny postup pro jejich Sigténi
4 tento postup ovEfl v poloprovoznim méfitku ' Vramei monitoringu podniku byly
vytipoviny 3 hlavni zdroje znelisténi technologickych vod. Prvnim  zdrojem. dale
oznacovanym jako OV, je odpadni technologicki voda z oplachu vyrobeného viskézniho
Tato voda obsahuje ziedénou kyselinu sirovou (pH— 2-2.5), siran sodny, siran
Ten zplisobuje emise Zn*" ionu v koncentracich mezi 90-190 mg/L. Dile voda OV1
obsahuje organické znediSténi, vyjadiené hodnotou CHSK & TOC ve stovkich, respektive
desitek mg/L. Pritok ¢ini cea 190-220 m*/h, 4560-5280 m*/den. Roc¢ni produkee t&chto vod
predstavuje v zavislosti na objemu vyroby ¢ca 5.027 miliond m'.

Druhym zdrojem odpadnich wvod. dile oznacovanym jako OV2. je proplachovid voda
z n.g;.mraémho VYV am piskovyeh filtrd, ktervmi prochdzi technologicka voda OV1. OV2
. zbytky celuldzy, hemicelulozy a
ch latek. Praci voda OV2 je pied vstupem do iontoménie odplynéna od
ouhliku a sirovodiku (CS: a Ha$ je katalyticky oxidovin technologii SULFOX)
a nasledné je filtrovana na piskovych filtrech. 7 technologické podstaty zdroje téchto vod je
ziejmé, ze OV2 jsou produkevany diskontinualné v periodicky navazujicich 4 h evklech béhem
protiproudniho prani piskovych filtrii. To niasleduje po cea po 80 h kontinudlniho procesu
filtrace OV1. Roéni objem vod OV2 je cca 400 m®, CHSK se pohybuje v rozmezi 5-10 g/L.
¢emuz odpovidaji i koncentrace organického uhliku (TOC) v rozmezi 1-3 500 mg/L.. Pomér
BSKs/CHSK= 0,29, vypovida o obtizngji biologické odbouratelnosti. Emise Zn*' se vvskyiuji
v koncentracich 100-200 mg/L.

Tretim vyznamnym zdrojem odpadnich technologickych vod v zivodé Glanzstotf Bohemia
sou silng alkalické promyvaci vody OV3 z napravné regenerace stiidavé pra h
katexovych filtrtr. Ty jsou naplnéné silné kyselym katexem Lewatit MonoPlus S108, pracujicim

30



v Na-cyklu. Obvyklé regeneracni cykly katexu probih o cea 10 h promyvinim 10-14 %6
nim roztokem odpadniho siranu sodného 2 virobny kaleindtu siranu sodného. Priblizng po 2
tydnech je povrch katexové naplné zanesen nerozpusinym zbyiky viskoznich vliken a kalu do
1 ry. ze je nuiné katex regenerovat 1 mol/L roztokem hydroxidu sodného (po priichodu
ndplni katexu OV3). Tento roztok je viak pfipravovin z vody jiZ zatizené organick:
znecifténim z uvedené technologie. To sniZuje G¢innost regenerace Na” jonu, a tedy i kapacitu
katexu Lewaiit MonoPlus $108. Objem OV3 behem regeneracniho cyklu je cea 20 m?, roéni
objem téchto vod &ini tedy cea 500 m®. Pro OV3 jsou charakteristické hodnoty CHSK v rozmezi
12-30 g/, témto hodnotdm odpovidaji i koncentrace organického uhliku TOC pohybujici se
vrozmezi 2.5-6 g/l Zjistény pomér BSK</CHSK= 0.21. vypovidi o obtizné biologické
odbouratenost nise Zn°" dosahuji v OV3 koncentraci 100-300 mg/1..

Experimentilni st

P#i véech laboratornich oxidaénich experimentech byla pouZita voda predem prefiltrovana pres
15 pm sklenénou fritu. V pfipadé poloprovoznich experiment byla voda predem filtrovina
pes 10 um potrubni filtr, V laboratoii byl pouzit sklenény, magneticky michany 0.5 L
duplikitor, temperovany termostatem Julabo EH-5 na 25 «C.

Pied elekiro-Fentonovou reakei “® byla do reaktoru viozena obétovand ocelovd tyova anoda

a ve vzddlenosti 20 mm tygova titanova katoda. Elektrody s aktivni plocho 6 em? byly pripojeny
na laboratomni zdroj DC Power Supply SDP-2210 (Manson. Kwai Chung. N.T.. Hong Kong).
Katodovy a anodovy prostor ¢lektrolyzéru nebyl separovan. Rychlost davkovani peroxide
o konstantni a piizpisobena rychlosti koroze obétované ocelové anody ”. Klerd
za galvanostatickych podminek a byla fizena proudovou hustotou. Hmotnostni
ibytek anody byl sledovin gravimetricky. Mnozstvi peroxidu vodiku byl vady v 25 %
olarim nadbytku. vypodteném z aktudlni podtetni hodnoty CHSK piisliného vzorku
¢idténé vody. Pro hypoteticky vzorek s CHSK = 1 g/L. by objem obou &inidel byl 7.965 mL.
Doba divkovi T byla 6 h, (pristok byl volen s ohledem na celkovy objem &inidla) a jesté
dali 2 h byla oxidovana voda michana. Molami pomér HaOy:Fe® byl béhem oxidace v pripadé
oceli 11320 10=1:1, v pfipadé anody z AISI304 byl tento pomér 100+2.5:1. Prib&zné byla
sledovina Casovi zméfena vodivosti, teploty a pIl a u vzorki byly analyzoviny CHSK, TOC.
TC,IC a TN, Kromé toho byl také pomoci ICP-AES stanovena koncentrace celkového zbylého
Zzeleza, chromu, niklu a zinkuw.

Vysledky a diskuse

7 pribézného roéniho monitoringu a nisledné bilance vyrobniho provezu jsme zjistili, Ze
odpadni technologickd voda z oplachu vyrobeného viskézniho vidkna OV1 je produkovina
nepretrzité v pramémych dennich objemeeh cea 4920 m®. Priméma hodnota CHSKer —
422:32mg/LL vypoltend ze vzorkh OV1-1 az OVI1-3 piedstavuje pii roéni produkei
1796 mil. m’ surové OV 1 organické zneisténi odpovidajici cca 737.9 t CHSKer neboli 175,6
torganického uhliku uvazujeme-li primémou hodnotu TOC=97 841197 mg/L. OV1-1a2 OV1-
& eni prechazi do piskovych filtrl, které se regeneruji cca 2x tvdné
400 m* praci vedy. To piedstavuje cca 100 pracich cyklivrok a produkei cea 40 000 m® OV2.
Tento objem pii primerné hodnoté CHSKer = 107401319 mg/L predstavuje ro¢ni hodnotu
organického znedisténi CHSKo— 429.6 1. Tomu odpovidd 98.4 t organického uvhliku pii
primémé hodnoté TOC=97.8:11.97 mg/L. OV2-1 a2z OV2-3. Treti diskontinualni odpadni
proud technologickyeh vod predstavuji vody z nipravné regenerace katexovyeh filtri OV3

vrodnim ohjemu cca 500 m'. Tomuto odpovidd pii primémé hodnott CHSKo—
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i CHSKer =11.94 1, neboli 2.9 1
HSKer = 5776869 mg/L.

229674398 Img L rodni hodnota organickeho znegis
organického uhliku, uvazujeme-li primémou hodnotu

Viiv filtrace a mikrofilirace na organické znelisténi odpadnich technologickych vod

Ulgelem filtragni a mikrofiltracni piedupravy isténych odpadnich technologickych vod OV1 —
OV3 bylo predeviim odstranéni nerozpustnych organickych litek a tim pidem i snizeni
spotieby oxidaéniho inidla a snizeni s tim souvisejicich nakladii. K predipravé byly postupné
pouzity filtry s porozitou 15 pm, 5 pm, 3 pm, 1.2 um, 0.8 pum, 0,45 pm a 0.22 um. Zikladni
filtrace OV1-1 pies 15 um filtr zpisobila pokles CHSK 0 9.39 % a TOC o 7.95 %. Nasledujici
filtrace pfes 5 pm filtr pfispéla k celkovému poklesu CHSK o 13,38 %, respektive TOC o 21,20
%, Dalsi ni porozity filtrii na 3 pm, 1,2 pm, 0.8 pm, 0,45 pm a 0,22 um jiz prakticky
neptinesto dalsi pokles techto parametrii

U7 OV-2-1 po filtraci pres 15 pm filtr doglo k poklesu CHSK o 23.4 % a TOC o 8 %, nasledujici
filtrace pies 5 pm filtr prispéla k celkovému poklesu CHSK o 37,1%, respektive TOC o 21,2
9%, Postupné snizovini porozity filtrii az na 0,22 um prineslo daléi pokles tchto parametrit a2
0 39 %arespekiive o 35.1 %. Pomér CODTOC byl u vstupni vody OV2 roven 4,43 a po filtraci
pies 0,22 pm filtr pak klesl na hodnotu 4.16. Pro Glinnou piedipravu eliminujici cca 173
organického znedisténi tedy naprosto dostaguje 5 um fillr. Piediprava silng alkalické OV-3
vyzadovala neutralizaci &i 1épe okyseleni vstupni vody fedénou kyselinou sirovou. Jiz po filtraci
OV-3-1 pies 15 um filtr doslo k poklesu pocateéni hodnoty CHS 285 g/L o 49,1 % a TOC
o 50.1 %. Daldi snizovani porozity filtrii a2 na 0.22 um jiz nepfineslo daldi vyznamny pokles
téchto parametri.

Viiv oxidace na odbourdvani erganického tnecistént odpadnich vod

Elektro-Fentonova oxidace se ukaz: ny zpisob eliminace organickéhe zn 1iu
véech testovanych vzorki vod. Prihlédneme-li k pocitedni hodnoté TOC. respektive poméru
CHSKe/TOC ze kierého lze uréit hodnotu primérného oxidaéniho &isla OXC* ze vztahu 1

0XC=4-1. SC"“C' 1

Pomér CODe/TOC a hodnota OXC u OVI-F15 &ini 5,06, respektive -3,39. Ide o hodnotu
blizici s¢ maximdlnim teoretickym hodnotdm nasyeenych ublovoediki (maximilni hodnota
pomérn CODer TOC jeumethanu 5.34). Ulinnosti elektrochemické oxidace utéchto vod T|CHSK
respektive mroc % vypoltené z hodnot chemické spotfeby kysliku nebo koncentraci
organického uhliku podle vzored 2) a 3):

CH5Ky—CHSKy

Newsker =~ grsre *x 100% o

TOC,—TOC,
Tpge = yre— X 100% )

Proces byl testovin za pouziti nizkouhlikové ocelové obélované anody * tiidy 11320 a pii
poméru TLOFe 10:1, pii predcha upravé pll na hodnotu 2.8 Anoda koroduje
dostateénou rychlost za nizké proudové hustoty i=15-25 A/m*. V pfipadé oxidovanych.
filtraci pi'edupmven}?ch vod, OV1-2 az OV2-3 to vedlo ke spotiché clektrické energic 0.32-0.7
kWh/m® behem 7 h oxidacniho cvklu. Dalsich 5 h bez dodivky elekifiny, pridan
k dorcagovani nadavkovaného perod idu vodiku se jiz vwznamné na poklesu CHSK ani TOC
neprojevilo, viz Obr. 4A a Obr. 4B. Po nasledné apravé pll= 7.25-7.5 dochazi k vysrazeni
hvdroxidi Zeleza a po jejich filtraci nepfedstavuje koncentrace zbyvajiciho Zeleza <0,06 mg/L
jiz ekologicky ani technologicky problém. Navic nedochizi oproti Fentonové reakei
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Characterization of Boron-Doped Diamond on Titanium Substrate for Electrochemical
Analysis
(Charakterizace borem dop cho di: na i ¢m substritu pro
elektrochemickou analyzu)
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Abstract

The behavior of a laboratory-prepared boron-doped diamond electrode on a titanium substrate
(BDD-Ti electrode) was compared with a commercially produced boron-doped diamond
(BDD) electrode on a silicon substrate. At the same time, the voltammetric behavior of bare
titanium as a working electrode was also investigated, The electrodes were studied after
polishing with an alumina suspension and anodic oxidation. The electrochemical
characterization was performed by eyelic voltammetry of the redox marker [Fe(CN)]* * and
subsequently, the analytical properties were compared using serotonin as a model analyie.

Keywords: Boron-doped diamond electrode. Titanium substrate, Voltammetry. Serotonin.

TUvod

Elektrody z borem dopovaného diamantu vyuzivané pro elektrochem
na kiemikovém nebo keramickém podkladu ', Toto uspofadani ale neni piilis
vhodné pro naslednou mechanickou predapravu povrchu elekirod, omezuje také moznosti
kontaktovini elektroaktivni plochy a také tvar elektrod je nutné volit s ohledem na moZnosti
zpncumm podkladu, kliﬁje pomérné kiehky. Proto s jako atraktivni varianta pro podkladovy
materidl jevi titan, kiery je vodivy itels : postupy
depozice borem dopovaného diamantu >, Piedbézné experimenty také naznaluji, Zze povreh
titanu se stava po anodické oxidaci nevodivym, takze by mélo byt mozné snadno izolovat &dsti
povrchu senzoru nepokryté diamantem. V této praci byly studovany elektrochemické vlastnosti
BDD deponovanéh. itanovou tvé (BDD-Ti elektroda) a porovndvany s viastnostmi titanové
clektrody a komeréni BDD elektrody pripravené depozici na kfemik (BDD-Si)

ké analyzy vétsinou

Experimentilni ¢ast
Viechny pouzivané chenn

lie mély ¢istotu p.a. Presnd hodnota pI byla stanovovina pomoci
digitalnihe pH metru s kombinovanou sklenénou elektrodou (Jenw en, UK). Méieni byla
provadéna na piistroji Eco-Tribo polarografl fizeném pocitatovym programem PolarPro 5.1
(Eco-Trend Plus, Praha, CR). Pii samotném méfeni bylo vyuzivane tiielektrodové uspnindmn
—referenéni argentchloridovi elektroda (Ag| AgClI[3 ol I'! KCI). pomoena platinovi elekiroda
(ob& Monokrystaly Turnov, 'fR) a pracovni komeréni diskova BDD elektroda (BDD-Si) od
spoletnosti BioLogic SAS (Francie) nebo pracovni testovana BDD-Ti elektroda, kiera byla
piipravena na Fyzikilnim ostavu Akademie ved Ceské republiky a jako substrat pouzit titanovy
vilee o priméru 3 mm. BDD vrstva byla syntetizovina na jedné podstave Ti vilee pomoci
chemické depozice par s aktivaci pomoci mikrovinné generované plazmy (MW-LA-PECVD)
Ze smési methanu, trimethylboranu a oxidu uhligitého, pri¢emz teplota povrchu Ti byla
udrzovina na cea 750 °C (eit. ). Vysledni tloustka povlaku BDID byla cca 400 nm. Primér
geometrické plochy elektrody u obou typit elektrod byl 3.0 mm (4 = 7,07 mm®). Anodicky




mostatné méfici cele v rozioku 0.5 mol I'' H:80,
Tu Fuq = +2400 mV za nepretrzitého michani po dobu

aktivovany povrch byl pnprﬂven Vs

Vysledky a diskuse

Pro ovéieni elektrochemickych viastnosti studovanych elektrod byly zaznameniny cyklické
voltamogramy 0,1 mol 1" [Fe(CN )| * v prostiedi | mol I'! KCL. Pfi porovnani s s komeréni
BDD-8i elektrodou neposkytovala nemodifikovana titanovi elektroda zadny signdl a BDD-Ti
clektroda v neleétiéném stavu poskytovala signal asi desetkrat mensi. Po anodické oxidaci
povrchu elektrod doslo u BDD-Ti elektrody k nartistu signalu na podobnou troven jako u
komereéni BDD-Si elektrody, ale katodicky pik byl hire vyvinuly a rozdil potencidlu
katodického a anedického piku -V-p vzrostl na vice nez 500 mV. 1 se signal BDD-Ti
elektrody vratil na predchozi pozice a mimé se snizil proud pozadi (Obr. 1). 7 eyklickych
voltamogramii v d, ze BDD-Ti elektroda v obou variantich (tj. leSténa a anodicky
aklivovand) ma vyssi proud pozadi a poskytuje mensi signaly oproti BDD elektrodim na
kiemikovém podkladu. Tato méfe vla vidy provedena tak, aby v méfeném roztoku byla
ponofena pouze &ist BDD-Ti elektrody kompleme pokrvta BDD (4. delo valee). Nasledng byly
provedeny testy pro studium vliva podkladového materidlu (tj. Ti nebo anodicky zoxidovany
Ti). pokud je exponovin jako elektroda v méfeném roztoku (expozice plaste vilee).

Odhaleny titanovy povrch BDD-Ti elekirody na pligti vilce byl anodicky zoxidovin a nasledne
byl sledovin vztah mezi voltametrickym signdlem [Fe(CN)*™"*" a mirou ponoreni elektrody
do roztoku. Tato oxidace vede ke vniku Tiz0s. Ktery je prakticky eleki
S rostoucim podilem ponofeného z: ovaného povrehu elektrody dochazi jen k mirnému
u signilu pozadi. Vyznamny rozdil nastiva, je-li smoéena i nezoxidovani plocha
titanu, kdy dochdzi ke znaénému naristu proudu pozadi. Signal [Fe(CN)e|* ™. ktery souvisi
] Lonstanml plochou pokrytou BDD, se¢ v ramei tohoto experimentu viznamné neménil. Pro
méfeni je tedy vhodné minimalizovat plochu zoxidovancho

v kontaktu s méfenym roztokem a u_vhnom se kontaktu nezoxidovaného titanu a
méfeného roztoku.

Po nalezenich téchto optimalnich pracovnich podminek byla BDD-Ti po zoxidovani a
nisledném vylesténi pouzita pro ziskini kalibracnich zavislosti pro [Fe(CNJe]* v prostiedi 1
mol 1" KCl a serotoninu v prostiedi 0,1 mol 1! fosfatovéha pufru (pll 7.0) pomoci diferenéni
pulzni voltametrie (mez stanovitelosti (LO) pro oba analyty 10 mol I''). Pii porovnani
s kalibraénimi zévislostmi na kemeréni BDD-Si elektrodé (£.0Q pro serotonin 2:1077 mol I1)
bylo na BDD-Ti elektrodé dosaZzeno vyisich mezi stanovitelnosti.




























Kolonek (QIAquick Nucleotide removal Kit, QIAGEN). Vysledek inkorporace byl zkﬂntm\uwn
gelovou elektroforézou.  Viechna voltametricka  méfeni  byla prmadem 7a poi
potenciostatw/galvanostatu Autolab (Ecochemie, Holandsko) v kombinaci s elektrodovym
systémem VA-stand 663 (Metrohm. Herisau, carsko) v tielektrodovém zapojeni. Jako
pracovni elektroda byla pouzita FIMDE. referencni elektroda byla Ag/AgCl3M KCl a pomocena
elektroda platinovy drat. Elektrochemické chovani dU4™ a dU4"™MP bylo studovane pomoci
konvenéni CV na HMDE. Produkty PEX reakee byly analvzovany adsorptivni pienosovou
rozpoustéei CV(AATS CV) na HMDE. Viechna méfeni byla provadéna pii laboratorni teploté
a za nepiitomnosti kysliku. ktery byl odstranén vybublivanim argonem.
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Obr. 1. Struktumi vzoree studovanyeh latek

Vysledky a diskuse

Elektrochemické chovini dU4™ a dU4"™MP bylo studovino na HMDE pomoci CV. Obé litky.
v zivislosti na zvolenyeh experimentalnich podminkach (zejména hodnoté potencitlu bodu
obratu (Esw)). poskyiuji kalodické piky redukee nitroskupiny na hydroxviamin (NO2*%) a jeho
ledné redukee na amin (NH-OH™). Pfi voltametrickych méfenich s Esw o hodnotach
lezicich mezi obéma signly. lze v anodickém scanu pozoroval pik edpovidajici oxidaci
vzniklého hydroxyvlaminu (NI-OH™) {Obr. 2.). Tento pak tvofi v daldich naslednych scanech
reverzibilni redox pér s prisiuinou nitroso smuu.nmuu Dile byl studovin vliv néklerych
experimentalnich parametr (rvehlost posuva potencialu, Esw, pma’noun potencidl), Visledky
téchto experimentdl pro obé studované latky jsou velmi podobng,







Portable and Trﬂnspnﬂahlr Analyzers of Toxic Metals and Some Organic Compounds
(Pienosné a prevozné analyzitory toxickych kovii a nékterch organickych litek)
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" Slovak Technical Un Bratislava, Radlinského 9. 812 37 Bratislava, Slovak
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Abstract

Electrochemical methods could be used as a complement or in competition to spectral methods.
Flow-through coulometric analvzers are constructed as portable for fieldwork or transportable
for work in a mobile laboratory.

Keywords: Flow-through coulometric analyzers, Portable, Mobile laboratory

Uvod

Elektrochemicke metody analyzy mohou byt doplikem nebo i konkurenci metod spektralnich.
Priitokové coulometrické analyzitory jsou konstruoviny jako pienosné pro prici v terénu, nebo
prevozné pro praci v pojizdné laboratofi,

Moinasti priitokové coul i

Pistraje jsou urieny pro stanoveni stopovych obsahii (od 0,1 pg/l) vétsiny Kationtd i anionti
anckterych organickych latek v riznych matricich. Nékteré vzorky (vody. télni tekutiny.
nipoje, galvanické lazné a riizné vyluh se mohou analyzovat i bez tpravy. daldi (kal
odpady. pidy. potraviny, klinické mater aty, plastické hmoty...
vhodném rozkladu

Pl

oje]suu vhodné pm stanoveni kou‘ljnko Zn (d Pb. Sn, TI Ga, Cu. Bi. Sb Se.

05>, B0y, ClOs, u,m)_\_ \.\."\0\) dusik po Kjeldahlizaci, kyseliny, zisady, rozpusténg
kyslik, celkovy SOz v népojich atd

Zajimavou moznosti je speciace — stanoveni Cr'' a Cr¥!, As'' a Ascar, Fell a Fe!!

veh litek je vypracovina metodika stanoveni kyseliny askorbové v nipoj
zelening.  cercaliich aldd stanoveni alkoholu v nipojich. stanoveni  chelatonu. hydra:
formaldehydu. Metodiky dalgich aplikaci. anorganickyeh i organickyeh jsou stale dopliovi

Koncentraéni rozsah stanoveni je velmi siroky, od 0.1 do 10 000 pg/l bez nutnosti redéni.
Dostatetny objem vzorku se pohybuje od 0,1 do 10 ml vzorku podle koncentrace stanovované
slozky.

Ve srovnani se spektralnimi metodami. napf. AAS, neni coulometrie tak univerzalni.
Nestanovuje prvky prvni a drubé skupiny Mendélejevovy tabulky a nékteré dalgi. ale jinymi
moznostmi zase AAS presahuje.

Pii volbe analytické metody musime prihlizet také k ekonomice. V Obr. 1 jsou na ose v
vyneseny ndklady jako 1/10 pofizovaci ceny pfistroje + naklady na provoz. Je vidét. ze pii
izkém poctu stanoveni analyza na ICP vychizi velmi draho vinou vysoké pofizovaci ceny
piistroje. Protoze viak provoz je levny (prakticky jen argon), od zhruba 2 500 méfeni vychazi
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vodiku na rtutové elektrodé. Vysledky nazn: ze 2-thiopyrimidiny jsou ispé
inkorporovany do DNA a mohou tak byt potencialné vyuzity jako znacky fungujici na pring
Katalyzy vyluéovani vodiku.
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Electrochemical Oxidation of Selected Antihypertensives with 2> and 31 Boron-doped
Diamond Electrodes
(Elektrochemicka oxidicia vybranych antihypertenziv na 21 a 3D borom dopovancj
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Abstract

Advanced oxidation processes have gained a lot of attention, especially as an effective water
treatment technique, The present work is focused on a comparison of removal efficiencies
reached afier electrochemical oxidation of selected antihypertensives (irbesartan, telmisartan,
valsartan) with different types of BDD electrodes (2D silicon substrate and 3D porous ceramics)
in a working electrolyte containing NaCl. The influence of the applied electrode type on the
formation of degradation and transformation products was studied. Identification of degradation
products was performed using a non-targeted approach to sample analysis by a combination of

HPLC-HRMS.

Keywords: Sartans, 21D and 3D BDDE. Degradation and Transformation products, HPLC-
HRMS.

Uvod

Antihypertenziva zo skupiny sartanov (irbesartan, telmisartan a valsartan) si lieCivami, ktoré
sit v nedostatoénej miere eliminované pomocou konvenényeh metod v Sistiarnach odpadovych
vod. Pri pouziti biologického Cistenia sa zaznamenali nizke a¢innosti eliminicic najmi pre
irbesartan (04235 %) ' a telmisartan (-7+18 %) % Ich nedostatoind miera elimindcie a vysokd
spotreha sit pricinami ich detekeie v roznyeh zlozkich ekosystému, Koncentricie tyehto liegiv
v povrchovych vodach dosahuji od desiatok az po nickolko stoviek ng/L pre kazdy jeden zo
spominanych sartanov *. Z vybranych sartanov prave telmisartan vykazuje najvyssiu tendenciu
k sorpeii na Cistiarensky kal, ¢o ziroven poukazuje na jeho vysoky bioakumulacny potencial *

i pokroilé oxidaéné procesy (AOP) 7nkn\.n’ velki pozomost’ aj ako efektivna
|echmk1 tercidrneho (doplnkového) &istenia vod °. Medzi AOP patri aj elektrochemickd
oxiddcia vyuzivajiica borom dopované diamantové elekirady (BDDE). Aplikovanim napitia na
elekirodu dochadza k oxidacii organickyeh zlo¢enin bud’ priamo na povrchu anédy (priama
oxidacia) alebo st kontaminanty oxidované i situ reaktivnymi Casticami z roztoku elektrolytu
(nepriama  oxidacia). Polas \Iul-amu]mmph_] oxidacie prebicha konverzia povodnych
polutantov na organické zliceniny, ktoré si I biologicky odburatelné, menej toxické alebo
dochidza k ich &iastoénej iplngj mineraliz




Vicobeene BDDE v porovnani s inymi typmi elekirod (P, RuOs. 1rO; a pod.) disponuji
niekolkymi prednostami, V praxi sa BDD vrsiva mdZe nanifat’ na substraty, ktoré s
v plognom 21> a b) objemovom (poréznom) 3D usporiadani, kde elekiroda je z
konitruovani do trojrozmemcho  valcového tvaru. Porézna clektroda v porovnani s 2D
isponuje najmi otvorenou Struktirou pérov, ¢im sa zvysuje aktivna plocha povrchu elektrody.
Zaroven je zabezpetené zvyienie rychlosti prenosu hmoty smerom k elektrode. 7 teoretick;
poznatkov tiez vyplyva, Ze pri vyddej richlosti prenosu hmoty sa zvysuje pravdepodobnost’
interakeie OH radikilov a erganického mikropolutantu a teda stipa aj G¢innost’ degradicie ®

Pri zavadzani novyeh technologii ¢istenia vod je potrebné prihliadat’ nie len na ninnost’
odbirania polutantov ale aj na bezpelnost, o znamend identifikovat’ novovznikajice
degradaéné a transformaéné produkty. Pri tomto type analyz je viak nevyhnutné siahnut’ po
indtrumentalnom vybaver y rozlisenim @ spojenie HPLC-HRMS predstavuje
spojenie citlivej a selektivnej analytickej metody, ktora je vhodni na spolahlivi identifikiciu
znamych aj neznamych litok, vratane sartanov ¢

Prica sa venovala porovnaniu dosiahnutej u¢innosti odbiirania pomocou elekirochemickej
oxidicie sartanov (irbesartan, valsartan a telmisartan) s vyuZitim 2D a 3D BDDE a naslednej
identifikicii vaniknutych degradaénych a transformacnyeh produktoy s vyuzitim kombinicie
vysokotfinnd kvapalinova chromatografia - sokorozlisovacia hmotnostng spektrometria
(HPLC-HRMS),

Experimentilna &ast’

Na pripravu roztokov sa pouzili analytické standardy irbesartanu, telmisartanu a valsartanu od
Sigma-Aldrich (Steinheim, Nemecka), Na pripravu mobilnych fiz sa vy &
(298 %), kyselina octovi (>99,88 %), octan aménny (299,99 %), mravéan amonny (> 99,995
%) a acetonitril (LC-MS Chromasolvi®) (victky Sigma-Aldrich). Vietky roztoky boli
pripravené z dvojstupfiovo istenej vody systémami Labconco a Millipore Simplicity (Lambda
Life, Bratislava, Slovensko).

Na elektrochemicki oxidaciu boli pouzité dva typy BDD elektrod. BDD film (2.5% CIH/I,
10000 ppm B/C vplynnej faze) bol narasteny pomocou techniky Zeravenych vlikien
aktivovangj chemickej depozicie z par (HF CVD) na kremikovy substrit v ploSnom 2D
usporiadani. Na 3D porézmu kera . 40 ppi (pores per inch),
D=21 mm. h=10 mm}) bola narastena diamantova vrstva pomocou velkoplodngj. mikrovinami
aktivovanej chemickej depozicie z par (LA MWCVD) s parametrami (5 scom TMBT. 0.2 %
COy, BIC 312 500 ppm v plynnej Fize). 3D BDDE bola v nasom pripade konstruovani ako
prietokovy systém. Na zhodnotenie Uinnosti pouzitych BDDE boli vzorky z degnchcmch
experimentov analyzované pomocou kvantitativnej HPLC-MS/MS (Therme Fisher S
San Jose, CAL USA) Identifikacia degradacnych a transformacnych produkiov sa uskutotnila
prostrednictvom HPLC-HRMS na pristroji LC-MS-IT-TOF™ (Shimadzu, Kyoto, Japonske).

Na uskutoénenie experimentov a odber vzoriek sa pouzilo zariadenie Diawaster (vyvinuté na
FEI STU, Bratislava), ktoré umoziuje automatizovane riadit’ proces degradicie vod.
Degradadny systém umoziuje pripojenie jednej alebo dvoch pracovnych elektrochemickych
ciel. vktorych je mozné realizovat elektrochemické degradainé experimenty. Systém
napajania elekirdd pracoval pri konstantnom napiti 30 'V, s maximdlnym pradom 0.2 A s on-
line monitoringom V., L P a prepélovanim elektrod v 60s intervaloch.






















In the case of psilocin. the calibration curve could be approximated by a straight line in the
lower concentration range ( 4). In the case of psilocybin, the calibration
approximated by two straight lines with different slopes, i.¢.. from 0.1 pmol/L to 1 pmol/L and
from 1 pmol/L to 10 pmol/L (Fig. 5)

ine was

Conclusion

Our research was focused on the application of 3D-printed electrodes for the determination of
two neuroactive drugs: psilocin and psilocybin. The applicable voltammetric parameters were
optimized in the preliminary experiments. The well-developed signals and linear calibration
curves were achieved.

I'he experiments proved that the voltammetric methods based on the use of laboratory-made
CF-PLA electrodes can be successfully used for drug determination. The possibility to modify
the electrode surface offers a way for further development of the method and gaining more
information about drug behavior. The electrode fabrication is easy, and cheap. and the electrode
surfice can be renovated, which may be advantageous in practical applications in medicine,
toxicology, or environmental analysis,
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Abstract

Drugs of the nervous system (ATC group N) belong generally to the most commonly (mis)used
substances worldwide. Their determination and monitoring of these drugs and their metabolites
in various body fluids or environmental matrices represent a challenge for analvtical chemists.
Our research is focused on the application of electrochemical methods in the monitoring of the
most frequently prescribed and the newly introduced nervous system drugs of precisely
specified structures and/or of defined properties. For toxicological and pharmacokinetic
reasons, emphasis has been placed on investigating the reaction mechanisms of their metabolite
formation. New or altemative to commonly used electroanalytical methods applicable for
monitoring and characterization of target compounds in their pure state, in body fluids,
wastewaters, and other environmental mat has heen developed To improve the
chemometric parameters and sensing characteristics, altention was paid to the construction of
new electrochemical sensors, detectors (e.g. screen-printed. 3D printed). or cells. bhased on
(modified unmodified) traditional or nontraditional materials. preferably usable at the point-of-
care.

Keywords: Nervous system  drugs, Active pharmaceutical  ingredient.  Metabolites.
Electrochemistry. Electrode materials, Body fluids. Biologically active compounds.

Introduction

The human nervous system can be affected by a wide range of diseases and medical conditions,
For the treatment of psychiatric and neurologic patients, more than 200 drugs are available
which have been discovered and developed during the last 60 years '. Due to different
definitions of terms used in literature by various authors and in different laws, it i
complicated to differentiate between the terms . drug™ (defined in the US) and "med
product” (defined by EU laws). Nevertheless. in this text. the term "drug” can be used for the
term “medicinal product™ as well as “active pharmaceutical ingredient™

In psychiatry and neurology, patient populations that may particularly benefit from precise drug

determination are children. adolescents, pregnant women, elderly patients, and individuals with

intellectual disabilities. among others '. Therefore, monitoring and determination of drugs and

their metabolites are relevant in many areas of medicinal, analyvtical, and environmental

chemistry, biochemistry. pharmacy, ete., ¢.g.:

a) In the field of drug development and production. where it is necessary to determine the
precise content of active pharmaceutical ingredients (APls) that a drug sheuld contain




b)  Another important area of drug analysis is “therapeutic drug m
quantification and interpretation of drug and their metabolite cone
(urine, blood, ete.) to optimize pharmacotherapy. Information on doses of drug
human body is of high importance because it can be used to reduce side effects, in the case
of antidepressants it is possible to mention: ¢.g.. loss of libido, inability to orgasm, nausea,
headache, apathy. loss of motivation, vivid dreams, nightmares, hypotension. dizziness or
weight gain. TDM considers the interindividual variability of pharmacokinetics and thus
enables personalized pharmacotherapy ' % Non-response at therapeutic doses, uncertain
drug adherence, suboptimal tolerabil or pharmacokinetic drug-drug interactions are
typical indications for TDM. However. the potential benefits of TDM to optimize
pharmacotherapy can only be obtained if the method is adequately integrated into the

1

clinical treatment process
Moreover, many drug metabolites actively contribute to the overall clinical effect of the
parent compound. Therefore, the knowledge of formed active and inactive metabolites and
quantification of the parent drug, play important roles in TDM. In the case of many newly
i d drugs, the i jon about their metaboli ng .
¢) Determination of the selected APIs and/or of their metabolites in body fluids can provide
an answer, to whether the desired drug has been administered or not (e.g. in the case of
psyehiatric patients who refuse drug administration),
The last step in the fate of any drug consists in its release into the environment (via urine,
feces, ete.) in unchanged form (e.g. in the USA, there were about 250 million
antidepressant prescriptions in the year 2010, which represents a great environmental
burden). Morcover, some of the investigated APIs or their combinations are toxic,
mutagenic, or carcinogenic ' Therefore, it is necessary to monitor their levels in waste.
rivers, and drinking waters

1is m

d

¢) Drug and metabolite analyses play important role in toxicology too. According to the
papers and annual reports of the Czech Toxicological Information Center (TIC) *°. the
nervous system drugs (N group according to the Anatomical Therapeutic Chemical (ATC)
classification system ') have heen the most frequent cause of calls to the Czech TIC, i.c.,
more than 12.2 % (ca. 29 200) of all calls (ca. 240 000) and 31.2 % of all calls dealing with
drugs (ca. 93 000) since 2005. The drugs from the N group were (misjused in suicide
attempls in more than 55 % of cases. accidentally in 19.3 %, and in ca. 9 % of cases, it was
a medical error. The importance of N-drug intoxications can be also documented by the
number of calls made by physicians (86.4 %), Calls regarding groups N0 (psycholeptics)
and NO6 (psychoanaleptics), which will be investigated in this project. have represented
more than 35 % of all N-group calls and 11 % of all drug calls. The seriousness of poisoning
by drugs in these groups can be documented by the fact that ca. 90 % of calls have been
done by physicians (lethal dose in ca. 250 cases, serious or very serious symptoms ca.
11 %).

The electrochemical methods (ECM) or electrochemical detectors have not been so widely used
for the determination of N-group drugs in practice (excluding, c.g.. benzodiazepines with
reducible azomethine group. drugs containing other electrochemically active nitro groups, N-
oxide and carbonyl groups % which were previously studied).

Experimental part

Working electrodes

The material of the working electrode plays a crucial role across various electroanalytical
Lechniques. Among others, we used the following types of electrodes.

a) 3D printed electrodes. 3D printing (or additive manufacturing) belongs to the most




promising approaches toward simple, rapid. and inexpensive production of various sensors,
electrodes, and cells 1%, with prospective use for the determination of various nervous drugs
and their metabolites ™ 1°. 3D printable sensors are highly customizable '® and can be
(mass)produced in many unique geometries. For electroanalytical applications, 3D printing
has been used for the production of various electrodes, flow cells, channel-flow, and wall-
jet electrodes, e.g.. for trace analysis. 3D printed cells with low internal volume and large
working electrode surface are worth as a tool for sensitive detection of electroactive drugs,
for the study of electrochemically generated products of their redox reactions in EC-MS
system 7
b) Boron-doped diamond electrodes. Mercury-containing (liquid dropping. hanging. or solid
amalgam) electrodes are limited in their application in the positive potential region. This
disadvantage can be solved by their substitutions e.g. by boron-doped diamond electrodes
(BDDE) with a wide potential window '#7% These electrodes can be successfully used for
nervous drug determinations ** **. Some properties (electron mmsl'cr, redox potential,
complex n abilities) can be changed by their modifications using nanoparticles of
Au, Ag, Pd). The introduction of screen-printed boran-doped amond electrodes (8P-
BDDE) is a promising tool for medicinal purposes as well 227
Mercury-based electrodes. The appli n of electrodes lmscd on liquid mercury in
medicinal practice seems to be very complicated due to its toxicity. On the other hand. it has
been undoubtedly scientifically proved that amalgam is not a toxic material. However, waste
material from disposable amalgam SPEs could represent a significant environmental burden,
Nevertheless, bare 2, or modified * solid amalgam electrodes are suitable to replace (in most
cases ideal) liquid mercury electrodes in research laboratories * in the elucidation of reaction
mechanisms, metabolite formations, ete, Cheap amalgams could replace expensive gold in
enzymatic reactors *'% used for TDM too,

e

Analysis of real samples, separation techniques - Hollow-fiber microexiraction

The added excipients can present a huge complication disturbing API determination. They
must be filtrated or separated by similar processes. Either drugs or their metabolites can be
bound to various profeins (enzymes, transporters, carrier proteins, etc.). We devoted our
attention to the application of hollow-fiber microextraction (HF-LPME) ** to pre-concentrate
the analyte from a biological sample and remove interferences. Three-phase HF-LPME is used
for extraction of ionizable analytes from donor solution in its neutral form across
liquid membrane to acceptor solution, where the analyle is present in i
entrapping and pre-concentrating the analyte ** *. Acceptor solutions can be analyzed by
voltammetric techniques without any additional treatment.

Additional data on analytes - ion transfer voltammetry

Protolytic and partitioning equilibria are essential for the evaluation of the bioavailability of
drugs. There is a lack of information on experimental physicochemical parameters of some
group drugs, especially of the atypical and newly introduced ones. The methodology based on
ion transfer voltammetry (ITV) at supported room-temperature ionic liquids (RTILs)
membrane, to the development of which the applicant’s laboratory substantially has
contributed, can provide a broad range of both theoretical and practical results of the
electrochemical or analytical significance (estimation of the standard Gibbs energies of ion
transfer from water to RTIL. to establish a scale of the absolute potential differences, ete. **3
The obtained results on N-drugs can be supported by available DFT caleulations *.

Investigated drugs
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Alar v potravindch vstoupilo v plamost. viak spoleénost Uniroyal (jeding vwrobee) souhlasila
s dohrovolnym zastavenim veskerého doméciho prodeje tohoto pripravku pro potravinafské
iizely

Vzhledem k v¥Se uvedenym skuteinostem, je tieba
stanoveni daminozidu, a to 1 ve slozité rostlinné mats

it k dispozici citlivou a operativini metodu
i

Experimentilni &iast

Ke stanoveni daminozidu byl vyuzivan elektrochemicky lyzitor EP 10/VA (HSC servis,
Bratislava). dnek se skladal s pracowvni elektrody z borem dopovaného diamantu
(BDDE, Windsor Scientific 11d. Velka Britinie). referentni argentchloridové elektrody a
pomocné platinové elektrody (obd Monokrystaly, Tumov, Ceskd republika). Stanoveni
probihale pomoci elektrochemické oxidace s vvuzitim diferendni pulzni voltametrie (DPV).
Pracovni elektroda byla pred kazdym méfenim ofetfena vlozenim potencialii +2200 mV,
~200 mV a +2200 mV vzdy po dobu 10 sekund. Pii vlastni analyze byla polarizovina v rozsahu
potencialiit +1000 az +2000 mV rychlosti polarizace 40 mV gt Tyto podminky byly

prevzaty z price %,

Redlné vzorky rostlinného materidlu byly piipraveny z listi pelargonie. Ty byly piedem
vysusieny v susdimé Heraeus vacutherm VT 6025 (virobee Kendro Laboratory Products 1P,
USA) pii teploté 50 °C za sn ho tlaku (9 mbar, membranova vyveva [LMVAC FB65453;
ILMVAC GmbH. Nemecko). Suseni probihalo do konstantni hmotnosti, kterd byla opakované
ovéfovana na laboratornich vahich Ohaus pioneer PA2021C (OHAUS CORPORATION USA)
do shody na 0,1 g ve |fech po sobé jdoucich méf‘enich v rozmezi 1 h. Izolace daminozidu z

tlinnych vzorki o h icea 0.1 g susenveh lista pelargonie byla providéna pOIIIUCI
gistého ethanolu (96 %. Lach-Ner, Ceska republika) za plsobeni ultrazvuku po dobu 2 min
Vznikld suspenze byla po usazeni filtrovina pfes skelnou vatu. Z alikvotni Casti vylulu byl
daminozid ziskin pomoci 1 gkatexu Amberlite™ IRC120 H v H' cyklu ve statickém uspofadaini
Zachyt probihal pfi laboratorni teploté 1 h za michani rychlosti 250 ot/min. Poté byl ionex
oddelen, promyt vodou a nisledné extrahovin 5 ml 1 mol L' NaCl s prisadou 0,01 mol 1!
NaOH pii teplote 70 °C za michini po dobu 20 min. Ziskany v¥luh byl podroben voltametrické
analyze.

na membring Nadir NPO10, Microdyn-Nadir, MANN+HUMMEL Water & Flui
Aktivni vrstva této membriny je vyrobena z polyethersulfonu a jeji rozdélovaci schopnost
(MWCO) je dle vyrobee v rozmezi 1000 az 1200 g/mol. Experiment byl proviadén za ticelem
ninace vlivu prirodnich litek na stanoveni daminozidu. Pouziti aparatura byla tvorena
\'ilcouou nddobou rlo kxere' bwlo odn no lU mL :uspenze \I'l rlno byl I:| \Ioi na knlhon

iny a i Le hodnolv
lldkmzllu rozdilu (/e‘]melu s ohledem na pouzitou nanofiltraéni membrinu) trvala separace
piiblizné 30 min. Vzorek permedtu byl nasledné analyzovin.

Vsledky a diskuse

Prvotni experimenty ukizaly, 7 prima analyza daminozidu ve vodném & ethanolickém vyluhu
listii pelargonie za podminek publikovanych v prici® neni mozna, protoze je ovliviiovina
piitomnosti rugivych slozek pochazejicich z rostlinné matrice. Jejich vlivem dochazi ke zméné
polohy a tvaru oxidaéniho piku analytu, a to tim vice, ¢im déle organicki matrice
v analyzovaném roztoku pisobi. Nakone se ziznam stane pro daminozid nevyhodnotitelny.
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uspofidini. Po izolaci ionexu je analyt vytésnén pomoci koncentrovaného roztoku chloridu
sodného. Timto zpis dojde nejen k nakoncentrovini analyzované latky, ale také
keliminaci podstainé ¢asti rozpustnyeh rusivieh litek pochdzejicich z rostlinné matrice.
Ziskany roztok lze pouzit k voltametrickému stanoveni daminozidu,
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Carbon Paste Electrodes for Electroanalysis in Nonaqueous Media
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Abstract

The aim of this special study was to find out the relationship between the composition of carbon
pastes and their stability in purely organic solvents and aqueous-organic mixtures. Scanning
electron microscopy and cvelic voltammetry of 1 mmol L ! ferrocenium ferrocene redox couple
served as the tools of choice for this purpose. The results obtained suggest one that it is not
pussible to prepare a universal carbon paste electrode that would be applicable in voltammetric
measurements independently of the character and composition of the working medium.

Keywords: Carbon paste electrode; Organic solvent: Surfactant; Ferrocene

Introduction

Carbon paste electrodes (CPEs) belong to a special group of heterogencous carbon electrodes
which are generally prepared by combining a carbonaceous material and an organic binder ',
Their utilization in voltammetric measurements performed in purely organic solvents or
aqueous-organic mixtures depends on the choice of both main components and eventual
modifiers/stabilizers. especially surfactants 2. Thus, the actual composition of carbon pastes has
a fundamental influence upon their final mechanical and electrochemical properties . The
simplified classification of the type of CPEs according to their composition and possibilities of
described below in the individual paragraphs. This work is devoted to the detailed
Tization of CPEs for measurements in nonagueous media.

Assuming an optimal ratio between the two main components, the mechanical stability of CPEs
prepared from commercially marketed graphite powders depends only on the type of organic
binder. If one considers that mineral (paraffin) or silicone sents the most frequently
used organic binders. the properties and electrochemical performance of conventional CPEs are
being tailored to measurements in purely aqueous media. Unfortunately. it is well known that
the content of water-miscible organic solvents higher than ca. 5% (wv) causes irreversible
disintegration of the carbon paste electrode material *.

repry

The required stability of CPEs in the working media can be achieved by simply replacing the
sheets (almost planar particles) of natural or spectroscopic graphite powder with glassy carbon
powder (spherical particles). Generally., glassy carbon paste electrodes (GCPEs) made of the
latter type can be used for voltammetric measurements even in media with a high content of
organic solvent (e.g.. methanol) up to 90% (w/v) *

Carbon pastes prepared by dispersion of multi-walled carbon nanotubes (MWCNTz) or single-
walled nanotubes (SWCNTs) in mineral oil represent yet another type of heterogeneous
clectrode material which resembles a glassy carbon paste in its consistency and mechanical
properties ©. Such carbon nanotubes paste electrodes (CNTPEs) exhibit an excellent eleciro-
catalytic activity toward clinically important compounds due to unique properties of the
nanomaterials present, which include high conductivity and specific surface area . However,
their mechanical and electrochemical properties in aqueous-organic mixtures and pure organic
solvents have not been yet investigated in detail.
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Electrodes obtained by homogenization of reduced graphene oxide with an organic binder
(GrPEs) are characterized by similar mechanical and electrochemical properties like the
previously introduced analogs with nanotubes. In general, it can be noted that conventional
CPEs modified with a low content of these nanomaterials (usually ranging from 10 to
50%, w/w) are more preferred due to a relatively high acquisition cost of nanomaterials *,

As deduced, all the above-mentioned types of CPEs cannot be selected for voltammetric
measuwrements in purely organic solvents. In the mid-1960s, a research team around Adams
published a pioneering paper * describing a bulk-modification of ¢ tional carbon pastes
with high amount of sodium dodecyl sulfate (SDS) as a practical way to achieve the required
stability and favorable electrochemical properties in pure organic solvents, such as acetonitrile,
nitromethane, and propylene carbonate. Since then, however, other works of this focus have
not appeared and these so-called nonagueous carbon paste electrodes have been forgotten for a
long time **.

Experimental part

Ferrocene, pure acetonitrile (MeCN) for HPLC, anhydrous lithium perchlorate, SDS, and
sodium dodecylbenzenesulfonate (SDBS). and mineral oil (MO) were purchased from Merck
KGaA (Darmstadt, Germany). Glassy carbon powder with particle size of 5-20 um from HTW
Hochtemperatur Werkstotfe (Thierhaupten, Germany) and graphite powder with particle sizes
of =5 pm from Graphite Ty m nad Vitavou, Czech Republic) were chosen for preparation
of CPEs. A deionized water of resistivity 18.3 MQ em was obtained from Millipore Milli-Q®
purification unit purchased also from Merck KGaA.

A sel of carbon paste electrodes, differing in the type of carbor
surfactants, and their contents, were prepared by homogenization in a ceramic mortar for
15min. The resulting nonagqueous pastes were manually pushed into cavities of the
corresponding Teflon®-piston holders. The surfaces of obtained CPEs were renewed by wiping
with a dry filter paper.

aterials, organic binder,

Scanning electron microscopy (SEM) for imaging the microstructures of nonaqueous CPEs was
carried out using Vega3 SBU from TESCAN Bmo (Bmo. Czech Republic). A conventional
three-electrode cell. consisting of a glassy carbon electrode (GCE) or nonaqueous CPE (both
of surface diameter 3 mm) (working), saturated calomel electrode (SCE) with 0.1 mol 1
LiClOy in MeCN as salt bridge (reference) and platinum sheet (auxiliary), were comected to
the AUTOLAB PGSTATIO01 potentiostat/galvanostat from Metrohm Ceskd republika s.r.o.
(Prague, Czech Republic), which was operated through NOVA 1.11 software.

All voltammetric measurements were performed in pure MeCN and xtures with water,
both containing 0.1 mol L' LiClOs. Linear sweep voltammetry (LSV) with a scan rate () of
50 mV s and potential step (Estep) of 3 mV was employed for the determination of limiting
values of the anodic (Ef},,) and cathodic potentials (£ ). Cyelic voltammetry of 1 mmol
ferrocenium/ ferrocene redox couple was carried out in a potential range from 0.4 10 +1.0 V
vs. SCE at a scan rate varying from 200 to 2000 mV s ' and the Egpep of 3 mV.

scussion

As shown in Fig. 1, no difference in the structures of glassy carbon pastes containing only 20%
(w/w) MO and 20% (wAw) MO with 10% (w/w) SDS was observed, when the individual carbon
particles remained in intimate contact. Unlike the paste with a high SDS content (see Fig. lc),

Results and
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Experimentilni &ist

Pracovni uhlikov pastovi elekiroda CPE/SDS byla pripravena homogenizaci 0,4 g uhlikaveho
prisku s primérem &dstic =5 pm (Graphite Tvn, T¥n nad Viiavow, Ceski republika), 0,2 g
minerdlniho oleje a 0.4 g dodecylsiranu sodného (vée Merck KGaA, Darmstadt, Némecko)
Uhlikovi pasta byla poté vpravena do pistového teflonového drziku o priiméru 3 mm. Pfed
n byla elektroda obnovena vytlagenim mensiho mnozstvi pasty a vyl povichu
filtracnim papirem. Mechanismus elektrochemicke oxidace byl zkouman s vvuzitim rotacni
diskové elektrody ze skelného uhliku o priméru 3 mm a cyklické voltametrie a linedrni
voltametrie v rozsahu 0 a7 +1.9 V v bezvodém acctonitrilu obsahujicim 500 umol 1 tramns-
anetholu 0.1 mol I"* LiC104 nebo BusNPFs pfi rychlosti skenu 100 mV s™' a otdskach 500 a
1500, Redlné vzorky byly analyzovany diferenéni pulzni voltametrii (DPV) na CPE/SDS
v ¢istém acetonitrilu s pridavkem 0,1 mol 1" LiCIOy v rozmezi 0 az 1.6 V (Kaep
=60 mV, fmoa = 0,05 s a fin = 0,1 s). Pro kvantifikaci vzorkii byla pouzita metoda
standardniho pridavku se étyimi alikvoty 20 ul 0.01 mol 1! trans-anetholu v &istém acetonitrilu
Viechna elektrochemickd méfeni byla provadéna v tficlektrodovém uspofadani spolefné
s referentni nasyeenou kalomelovou elektrodou s miistkem obsahujici acetonitril s pidavkem
0.1 mol I LiCIO: nebo BuNPFs a platinovou pomocnou  elektrodou  pomoci
potenciostatu/galvanostatu PGSTATI101 a software Nova 1.11 (v8e Metrohm Ceska republika
s.r.0., Praha, Ceski republika).

Chromatograficka sestava pro RP-HPLC analyzu obsahovala autosampler SIL. 30AC,
gradientovou pumpu LC 30AD. degasser DGU 20A5R, spekirofotometricky  detektor
s diodovym polem SPD M30A PDA a termostat kelony CTO 20AC (vie Shimadzu, Kjoto,
Japonsko). Separace byla provadéna na koloné Ascentis® C18 (100-2,1 mm. velikost &astic
3.0 um) pri teploté 40° Ini Fiazi byla redestilovand voda s kyselinou mravengi (pH ~ 3,2)
Jjako rozpoustedlo A a acetonitril ‘]AI\O rozpoustedlo B s gmdmnlm)m profilem od 30 %
do 90 % pro rozpoustédlo B s pritokem 0.5 ml min !, nistik vzorku 10 ul a vinova délka
spektrofotometrické detekee 260 nm.

Redlné vzorky byly rozdreeny a homogenizoviny v tieci misce po dobu 15 min. Poté byla
navazka 1 g vzorku prevedena do odmémé bariky a doplnéna acetonitrilem s 0.1 mol I'! LiClO,.
Vzorek byl extrahovin v tiepatce pres noc a edny extrakt byl prefiltrovin pies sklidany
filtr. Takto pfipraveny roztok vzorku byl poté pfimo bez dalsiho Fedéni analyzovin pomoci
DPV. Pro chromatografickou analyzu byl extrakt jedté prefiltrovan pres PTFE stiikackovy filr
s primérem pord 0.22 um.

Vysledky a diskuse

Elektrochemickd oxidace frans-anetholu poskytuje dva irreverzibilni anodické signdly pfi
+1,29 Va +1,65 V (Obr. 1). Dile bylo zjisténo 2 méfeni na rotaéni diskové elektrode, ze oba
signaly predstavuji jednoelektronové oxidacni dgje. Lze tedy fici, Ze trans-ancthol se oxiduje
dvéma po sob& jdoucimi jednoelektronovymi reakeemi s nislednou chemickou preménou.
WV prvnim kroku se trans-ancthol oxiduje na radikil kation, ktery spontanné reaguje
s pritomnymi nukleofily za vzniku radikalu, schopného dalii oxidace s naslednou chemickou
reakei, kdy vzniki elekirochemicky neaktivi produkt . Zavislost proudu piku prvniho
oxidacniho signdlu na odmocning z rychlosti polarizace byla linedmi, lze tak usuzovat na
elektrodovy dgj fizeny diftizi

Dile bylo optimalizovinoe slozeni uhlikové pastové elektrody pro co nejintenzivin anodicky
pik trans-anetholu, Mnozstvi pastové kapaliny bylo ponechine kenstantni (20 % hm.) a menil
se pouze pomér uhlikového prasku a surfakiantu. Bylo zjisténo, ze na uhlikovych pastach
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Favir

Byla vyvinuta novi elektroanalyticka metoda pro stanoveni frans-anetholu ve vzoreich kofeni
acukrovinek primo v jejich extraktech bez dalsich uprav vzorku. Modifikace pracovni uhlikové
pastové elektrody vétdim mnozstvim dodecylsiranu sodného umoziniovala praci i v nevodném
prostiedi &istého acetonitrilu. Charakter elektrodového materidlu zaroven brini adsorpei
produktii oxidace frans-anctholu, elektroda nevykazuje pametovy efekt a me lze tak
provadét bez nutnosti regenerace povrchu elektrody v priibéhu analyzy. Vysledky
elektrochemického  stanoveni  jsou ve shodé  se standardni RP-HPLC  metodou  se
spektrofotometrickou detekei. Navrzené stanoveni lze wvyuzit pro rychlé a nenikladné
zjistovani obsahu trans-anetholu jako potravinafského aditiva.
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predchozi dehydratacni reakei popsané vyse. Timto zpiisobem je mozné detegoval zlucové
kyseliny (llmlm ou a chenodeoxycholovou kyselinu) v umélém séru po extrakei na pevné fazi
(LOD=80umol 11)® Dalsi  dvé  stud y propojeni  RP=HPLC s pulsni
amperometrickou deteked. kdy byly pouZity tii pulsy o hodnotich £y = +0,03 +0.60 V
afy = —080V (LUD 0,6 pmol 1) 7, resp. Ey = +0,05 V, B2 = 40,60 V a E\ 0,60 V
(LOD = 10 ymol 11y ¥ Daldi studie byla vénovina stanoveni ursodeoxycholové kyseliny
propojenim HPLC s UV detekei a coulometrickou eelou jako <lekirochemickych detektorem.
Stanoveni této zlu¢ové kyseliny bylo vyvinuto pro farmaceutické preparaty . Ve studii
zabyvajici se propojenim elektrochemického a hmotnostng spektrometrického systému byly
generovany  oxida produkty cholové a chenodeoxycholové kyseliny. které byly
identifikovany pomoci ESI-MS. Vétdina produkti byla pozorovana pfi pH 6. pro cholovou
kyselinu bylo nejvétsi mnozstvi produkti pozorovane pii vlezeni potencidlu +3 Va pro
chenodeoxyeholovou kyselinu pii vlozeni potencian 12,4 V1"

Experimentilni &ist

Studoviany byvly zlu¢ové kyseliny cholovd a chenodeoxycholovd kyselina a jejich konjugdty
taurocholovd, tawrochenodeoxycholovid, glykocholovi a glykochenodeoxycholova kysel
(viechny od Sigma—Aldrich). Dale byl pouzit acetonitril pro HPLC (Honeywell), kys:
chlorista  70% (Lach-Ner, Neratovice, CR) a alumina o velikosti &stic 0,5 pm
(Elektrochemické detektory. Tumov). Véechny chemikilie byly analytické &istoty

M

byla provadéna metodou cyklické voltametrie (CV). K méieni byl pouzivin
tal Autolab se softwarem Nova 1.1/2.0/2.1.3. Pouzivino bylo tHielektrodové zapojeni
Jako pracovni elektroda byla pozivana borem dopovana diamantova elektroda o priméru 3 mm
(Windsor Scientific. Slough. Velka Britanic). Referenéni elektrodou hyla Pleskovova nevodna
elekiroda (stiibrny dritek v roztoku 0.01 mol I AgNOs v 1 mol I"' NaClOys v acetonitrilu)
Jako pomocna elektroda byl pouzit platinovy dritek. Rychlost polarizace pracovni elektrody
byla v=0,1 Vs, Ped kazdym méfenim byl povrch BDD elektrody lestén suspenzi aluminy
s destilovanou vodou po dobu 15 s.

Vysledky a diskuse

Viechny Zzlugové kyseliny (cholova a chenodeoxyveholovi kys ) a jejich konjugity
s taurinem (taurocholova a taurochenodeoxycholova kyselina) a glycinem (glvkocholova
a glykochenodeoxycholova kyselina) obsahuji ve své struktufe Tu—hydroxylovou skupinu,
ktera umoziuje jejich dehydrataci a naslednou elektrochemickou oxidaci . V piedchozich
studiich® bylo zjisténo, 7e v prostiedi kyseliny chloristé a acetonitrilu (obsah vody ca 0.55 %)
cholovid kyselina poskytuje v anodické oblasti signdl pfi +1.2 V a chenodeoxycholovi kyselina
poskytuje v anodické oblasti dva signaly pii potencidlu +1.2 Va +1.4 V. Experimenty v (éto
studii navazaly na predchozi zminéné studic a zame &tily se na to. zda je moné za shodnych
podminek elektrochemicky oxidovat i jej ity. 7 prob&hlych méieni (obr. 1) bylo
7jidténo, re konjugdty primarnich Zlu¢ovych kyselin je mozné elektrochemicky oxidovat
v prostiedi kyseliny chloristé a acetonitrilu (obsah vody ca 0.55 %), kdy konjugity cholové
kyseliny {obr. 1A) poskytuji odezvu pii +1.15V (glykocholovi kyselina) a pii +1.2V
(taurocholovi  kyselina) aoba konjugity  chenodeo: i (obr. 1B)
(glvkochenodeoxyeholovi a taurochenodeoxycholova kyselina) poskytuji dvé anodické odezv ¥
pii+12Va+14V

Vzhledem k tomu, 7 potencialy signilii v anodické oblasti konjugatii #luzovyeh kyselin, které
iny. se pouze minimalné lidi od potencialii samotnych primamich Zludovych
h stanoveni elektrochemickou detekei pouze na ziklade napiiklad multi-pulzni
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Abstract

Telomerases are ribonucleoproteins that replace non-coding ends of chromosomes during cell
replication. They are part of a highly complex and regulated cellular system that has
implications in cancer and aging. Plants are a useful multi-cellular organism for telomerase
study. but this area of research is stll in its carly stages. Assuming similarity with yeast or
human systems, the telomerase RNA is key to interactions with other cellular proteins.
[dcm:ﬁmg protein-RNA interactors could be an important first step in untangling these
complex relationships. Classical gel shift experiments of purified proteins and RNA have
identified some initial interactors and obtained qualitative data on binding ‘llﬁnm and
specificity. Circular dichroism (CD) speetroscopy was used lo monitor a change in C1>
of RNA in solution in the presence of these proteins as the first step towards quantify
interaction. These classic experiments were used to screen candidate proteins and act as
benchmarks, Protein-RNA inferactions might then be further characterised by more specialist
techniques such as native RNA electrochemistry or atomic force microscopy (AFM). Research
was supported by the Czech Science Foundation, project no. 20-01331X.

Keywords: telomerase, telomere. RNA-protein interactions,

Introduction

One of the apparent problems of eukaryotic cell replication is that parts of the ends of linear
chromosomes are lost afier each end replication cycle. Repet non-coding sequences called
telomeres act as a buffer to this in most eukarvotes. however both the repeating sequence and
the proteins that interact with it vary between organisms '%. Tn particular, the enzyme telomerase
which synthesises new DNA repeats has a highly conserved catalytic protein domain (TERT)
but an evolutionarily variable RNA subunit (TR) which seems an obvious biemacromolecule
to focus on when exploring the differences in telomere maintenance between organisms. In
plants there is considerable inter-species dion in TR * and much le known about plant
telomerases compared 1o better-characterised human and yeast models . The TERT subunit for
model plant Arabidopsis thaliana (A1) has been known for some time *. however the true 41TR
has only recently been identified”. It is likely that either ArTERT or ArTR interact with many
ather proteins 1o regulate the function of telomerase within plant cells. considering how
important it is for cells o maintain their DNA. TR is the larger of the two bwnncromoleullc:
and at least in human telomerase it is TR that interacts with the majority of proteins in the
telomerase complexes characterized so far ®7 (all the structures). As such, an obvious place to
start for characterising the Af system is to look for Af proteins that bind to AT. Electrophoretic
mobility shift assays (EMSAs) are a classic technique for identifying these interactions and
have already been used to characterise CBEFS/dyskerin binding to ArTR *. It is expected that
biologically relevant interactions would have a relatively high affinity and specificity. however.
so further techniques will be necessary to differentiate adventitious RNA binding from
promiscuous proteins from true parts of cellular mechanisms. As such. pilot experiments have
used circular dichroism (CD) spectroscopy to monitor the change in chiral structure of ArTR in
solution. In future, atomic force microscopy (AFM) could be used to characterise the overall
bulk structure of A(TR molecules in solu imilarly the native electrochemical signals of
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AR bases on mercury or pyrolytic graphite electrodes ? may change in the presence of hinding
proteins in an informalive way.

Methods

Protein-encoding sequences were introduced into pDEST 15 and 17 vectors using the gateway
cloning method (Invitrogen). These vectors introduce cither a glutathione synthase transferase
(GST) fusion to the resulting protein or a 6x histidine sequence for affinity purification. Plasmid
vectors were transformed into Escherichia coli BL 21 pL. and suceessful transformations
were selected for by Ampicillin and Chloramphenicol resistance present in the vector and the
strain respectively. Cultures were grown in antibiotic-infused LB at 37 °C with 180 rpm shaking
to an ODgao =~ 1 and induced for 3 hours with 1 m isopropylthio-fi-galactoside. Cell cultures
were then harvested hy centrifugation and frozen at -80 °C until needed. Frozen pellets were
resuspended in 2 mL of 100 mm tris-HCL 100 mm (500 mu for pl7) NaCL 0.2%
polvethylencimine pll & with wide-spectrum EDTA-free protease inhibitors (Roche). This
resuspension was then lysed by sonication and clarified by centrifugation at 20000g for 10
minutes. Soluble eell extracts were then bound to centrifugal GST or Ni-IMAC columns
(Cytiva) and protein was eluted with 100 mum Tris-HCI, 100 my NaCl with 80 mu glutathione
(p15)or 500 mM imidazole (p17) and frozen at -80 °C until needed. AfTR was synthesised using
PCR amplification of a plasmid-encoded DNA sequence to produce a complementary DNA
template. This was then transcribed using a T7 RNA polymerase kit (New England Biolabs)
according to the manufacturer’s instructions. The RNA transeript was then purified from the
PCR mix using SPRImagnetic beads according to the manufacturer’s protocol. eluted in water
and frozen at -80 °C until needed.

EMSA samples were prepared by incubating 0.3 vt “P-labelled AUTR with the desired protein
in 13.5 pl. binding buffer for 30 minutes on ice. Competition experiments also included yeast
transfer RNA (Sigima Aldrich) as annotated. Samples then had 2 uL. RNA loading dye added
and were loaded into lanes of a 6% polyacrylamide gel in tris acetic acid (TAE) buffer. Gels
were then run at 180 V for 30 min and then dried for phosphorimaging. CD spectroscopy was
performed using 1.0 pvt A7TR afier heating to 80 °C and cooling 1o 20 °C in binding buffer.
This was then titrated with increasing molar excess of protein and the CD spectrum was
recorded after each addition using a Jasco J-1500 spectropolarimiter.

Results and discussion

AUTR in the absence of protein migrates as a single clear band (Fig. 1). Presence of a GST fusion
protein with the RNA binding motif of A/TERT (BD GST. Fig. 1 A) causes the appearance of
a shifted band consistent with the presence of an RNA-protein complex as expected. The
presence of (RNA does not modify this, consistent with a specilic binding interaction between
At TR and ATERT. Candidate At RNA-binding protein A (Fig. 1 C, D) gives rise to a similar
shifted band, which is less with the lighter-mass polyhistidine tag. compared to GST giving
further confidence that the gel shift a rom the additional mass of the protein. Protein B
GST gives similar results to protein A GST, however the presence of (RNA decreases this band
suggesting that the binding between protein A and ArTR is more specific than that of protein B
and AfTR. In addition to the bands for free RNA and those assigned to shifted protein-RNA
complexes, there is some evidence of non-migrated RNA in many of the EMSAs which
complicate analysis. It is possible that these may arise from Aé,gmbatmn or low solubility of
protein-RNA pl Further ¢ isation of exp diti may be able to
eliminate these to allow for clear, quantifiable data. Allemmwely. EMS As may simply be useful
as a qualitative indication of binding which can be supported with other techniques that provide
quantitative data.
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Abstract

Mercury film screen-printed electrodes (MF-SPEs) were designed. prepared and tested for the
first time as perspeelive representatives among SPEs that allow measuring at high negative
potentials. For this purpose, the precise electrochemical (coulometric) preparation procedure
for mercury deposition at the working electrode surface of the commercial silver-SPE was
developed and a universal method of preparing MF-clectrodes from different metal-SPEs was
described. An optimal elecholvzer construction for the mercury deposition, electrolyte
ation of electrode surfaces were proposed.
Determination of the zinc content in food supplement tablets was used for the MI-SPEs
practical testing.

Keywords: Electrochemistry, Screen-Printed Electrodes, Mercury Film, Flow Analysis, Zinc
Determination.

Introduction

Mercury clectrodes in polarography ' and related methods  are nearly ideal electrodes,
especially for cathodic processes. The application of other electrode mat complicated
by lower overvoltage of hydrogen and worse reproducibility of measurements. Solid amalgam
electrodes (SAE) do not contain liquid mercury. they exhibit high hydrogen overvoltage ** and
their surface is suitable for various chemical modifications * * which can substantially broaden
field of application of solid electrodes. One of possible ways of chemical modification of metal
electrodes is the| ng with a liquid mercury film ™. The reasons for this kind of
modification (i.e. preparation of mercury film electrodes (MFE)) are: i) to increase hydrogen
overvoltage. ie. to broaden available potential window: i) to decrease limit of determination
of metal ions by using anodic stripping voltammetry (ASV) at MFE, the volume of which is
much smaller than the volume of HMDE or the volume of mercury meni
resulting in higher and narrower peaks at MFE; i) to increase resolution of close ASV peaks
because of narrower peaks at MFE: iv) to increase mechanical stability of mercury surface for
field measurements or for transfer adsorptive stripping voltammetry of nucleic acids. proteins
and other biologically important substances, where limited mechanical stability of HMDE can
be the source of problems: v) to obtain ideally smooth, stable in time, and easily renewable
surface suitable for the preparation of monolayer or multilayer films of biologically important
substances: vi) to minimize legal problems limiting the use of liquid mercury.

cov

Real, ideally smooth mercury film can be prepared only at a conductive surface which can be
wetted by mercury. Therefore, silver * ', gold %, or platinum " '* are most frequently used
supports for mercury films. Screen-printed electrodes (SPEs) have become a quite widespread
substitute for classic electrodes in electrochemical analytical measurements, where results of
the analysis may not have high accuracy. Some pilot experiments for creating of mercury films
at SPEs with silver working electrode (Ag-SPE) 15 were carried out. but so far there was no
attempt to investigate systematically the preparation and properties of these films at SPEs.

88



Therefore, a simple. reliable and environmentally friendly procedure for the preparation of
stable and exactly defined mercury films at Ag-SPE was developed and described in this work

Experimental
All voltammetric and amperometric measurements were carried out at room temperature using
computer-controlled analyzer with MultiElchem v. 3.1 software (1. Heyrovsky Institute of
Physical Chemistry of AS CR) and the electrochemical stand (Polaro-
Republic). Silver screen-printed electrodes (Ag-8PE) (Metrohin DropSens C
DRP-CO13, diameter of silver working disc 1.6 mm. carbon auxiliary electros
pseudo-reference electrode: entire dimensions of DRP-C013 body: 34 ~ 10 = 0.5 mm (Length
Width - Height) '*) were used as a basis for preparation of mercury film SPEs (ME-SPE)
Additionally, Ag-SPE with diameter of silver working disc 4 mm (type DRP-010) and carhon-
SPE with diameter of carbon working dise 4 mm (tvpe DRP-110) '® were used for some
experiments. Cable connector for SPEs (Metrohm DropSens Co., Spain, type CAC: %) was
used for connection of SPEs to the analyzer. The three-electrode batch system consisted of a
working electrode of Ag-SPE or of MF-8PE, a saturated calomel reference electrode in which
metallic mercury was replaced by silver paste amalgam (AgA-SCE, laboratory-made, having
the same potential as a saturated calomel electrode ') and of the auxiliary Pt wire electrode
(diameter 1.0 mm, length 10 mm).

The system for flow injection analysis with electrochemical detection (FIA-ED) was used for
amperometric measurements with tested SPEs. FIA-ED consisted of linear syringe pump NE-
1000 (New Era Pump Systems, USA), sample injector valve Rheodyne MXX 777-601 (IDEX
Health & Science LLC, USA) and solenoid operated micro-pump 1308P1220-1TP (Bio-Chem
Fluidics Inc., USA) ' 1. Flow-cell for screen-printed electrodes (Metrohm DropSens Co.,
Spain, type FLWCL '%) was employed for all flow measurements. The injection loops and all
comnections in the flow system were made of PTFE and PEEK tubing with the inner diameter
0.50 mm and the outer diameter 1.59 mm.

n was removed from some analyzed solutions by 5 min bubbling with nitrogen.
Deionized water was produced by Milli-Qpus system (Millipore). All chemicals used were of
p.a. purity. Commercial food supplement tablets Zinek (Dr. Max Pharma. Czech Republic)
containing zine (15 mg in 1 tablet), served as the sample for testing analysis.

Results and Discussion

Electrochemical deposition of mercury film at silver or amalgan screen-printed electrode.
Method of a mercury deposition and a scheme of an electrolyzer used for this purpose are
described in our previous publication Iy Shortly. an exact amount of mercury for creating of
the film with given thickness was electrochemically plated at silver or amalgam surface of
printed clectrode. In caleulating the charge (number of micro-coulombs) required for deposition
of precise weight of mercury on SPE. the current yield is assumed to be practically 100%. The
procedure can be fully automated in most of modern analyzers and the program enables to stop
the electrolysis after passage of a given number of micro-coulombs assuring thus the
preparation of the mercury film with the exactly predetermined thickness,

Optimization of plating electrolyte composition and mercury deposition potential. Electrolysis
of mereury on Ag- or AgA-SPE took place in a two-electrode system, where the anode was a
large area of silver paste amalgam (12% (w/w) Ag) and the silver/amalgam disk of the working
electrode at SPE served as the cathode. Solution of 0.1 mol I'' Hg(rin 2 mol I'" KI was chosen
as an optimal plating electrolyte. The current grows rapidly when the negative deposition
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potential increases from -10 mV to -25 mV and then iz quite stable up to -500 mV (7 = -435.5
+ 53 uA; RSD = 1.2%; N = 6). The deposition time of a certain amount of mercury depends
on the electrolysis current and therefore the optimum potential Eetegs = -200 mV (vs. AgA-SCE)
of this process was selected and applied in all other experiments '*

Thickness of the mercury film at AgA-SPE and its lifetime. Several silver amalgam SPEs which
were prepared and employed early for other purposes were used for covering by mercury films
Surfaces of SPEs with 5 and 10 um mercury films were matted after about 2 hours and it can
be said that such films are almost non-useful. Ag overed by 15, 20, 30, 40, and 50 pm
were liquid and mirror shiny for all working day. All of these MF-SPEs were mechanically
non-stable further day and they can only be used for reliable electrochemical measurements on
the day of preparation.

Thickness of the mereury film at 4gA-SPE and its potential of hydrogen evolution (PHE). PHE
is one the most important parameter of each working electrode which shows at how high
negative potentials the electrode can work. Valugs of PHE are given in Table T and they are
very similar to those on pure mercury electrodes (e.g., HMDE — hanging mercury drop
electrode).

Table L.
Potential of hydrogen evolution on §

PHE, Confidential interval, Relative smnd'lrd
mV mV deviation. %a
-1732 +29 0.14
-2051 +1.8 0.07
-2052 35 0.15
-2079 +0.6 0.03
-2068 =22 0.09
-2070 += 1.0 0.04

50 -2031 +0.6 0.03

* - the working electrode surface was matted and covered by small shined crystals.

Based on the results described in the previous paragraphs. the film thickness of 15 pum was
selected as optimal,

Determination of the zinc content in food supplement tablets with MF-SPEs. To test the
applicability of the proposed MF-SPEs. the determination of zine cations was chosen because
the reduction (accumulation) potential of which is so high that it can only be performed using
mercury electrodes. Also anodic stripping differential pulse voltammetry (AS-DPV) was used,
for which MF-electrodes are hest suited. The AS-DPV measurement parameters were oplimized
for these determinations: accumulation potential Eye = -1500 mV: initial potential iy

mV: accumulation time fac = 60 s; final potential sy = -800 mV; flow rate viiow = 0.1 ml

The whole analysis is v vzed food supplement (contains 15 mg
of Zn) was placed into gradualed ﬂask (100 ml) with 2 ml 63 % FINOs, this suspension was
sonicated for 10 min and then H20 was added to volume 100 ml (0.2 mol I HNO3). For
electrochemical measurements the following solution was prepared: 15 ml of 1 mol I acetic
buffer with pH 5.0+ 14.6 ml H,0 =+ 0.4 ml of probe solution (finally solution: -2 mg 1! Zn®";
pH 4.95). Oxvgen was removed from analyzed solutions by 5 min bubbling with nitrogen.
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Abstract

In recent yea that are the
abjective of diagnosing, treating, and prognosis of many genetic. metabolic, infectious diseas
and biowarfare agents. There is huge progress in developing immunoassays, especially
nanoscale clectrochemical biosensors, for clinical significance. Among the most important
challenges in biosensors is the selection of metal nanoparticles and the achievement of high
sensitivity. Thanks 1o its unique advantages in the fabrication of electroactive species with
nanotechnology. the biofunctionalization of metal nanomaterials are available as a powerful
label since they are ready to attach to proteins or other biological elements. This work
investigated a new immunosensor with electrochemical detection of three proteins in amniotic
Huid.

immunoassays have been used to detect protein biomarkes essential

Keywords: Biomarkers, Nanoparticles. Electrochemical immunosensors: Multiplex assay.

Introduction

A biosensor that can detect the interaction between antigen and antibody is known as an
immunosensor. These species could be introduced 1o a transducer 1o detect them in difTerent
ways. One of the fastest and casiest ways fo read the signal of this kind of interaction is the
electrical signal produced on an electrochemical transductor. The specific interaction between
the antigen and the antibody is not directly legible, so there are known labels such as enzymes
). ELISA, chemiluminescent or fluorophore compounds. The most frequently used is
ELISA. in two formats: sandwich and competitive. One of the advantages is that
immunosensors offer good sensitivity and high selectivity, which gives them a preat advantage
over conventional methods ', Depending on what signal they read. they can be classified into
optical, electroch calorimetric, and mass variations. Immunoreaction in electrochemical
converters can cause changes in potential. current. ion concentration. impedance. etc. These
converters are cheap. robust, fast response time, and do not require large amounts of analyte.
The disadvantage of immunoanalytical methods is that the analyte should be a large molecular
mass with good sensitivity and essential stability g,

The antigen-antibody interaction is reversible with variable bond strength due to the value of
the affinity constant. An ideal immunosensor should be able to detect in continuity and
selectively. This study aimed to develop a rapid. sensitive, and specific simultancous method
to determine the inflammatory protein biomarkers occurring in amniotic fluid, specifically
Pentraxin 3 (PTX-3), Interleukin 6 (IT-6). and Calreticulin (CALR). Our principle of operation
was based on the electrochemical detection based on sandwich capture composed of
immunosorbents consisting of specific primary antibodies for each targeted protein biomarker
immobilized on magnetic particles and bioconjugate of antibodies labeled with electroactive
species (quantum dots. gold nanoparticles) enabling to analyze simultaneously a mixture of’
these three biomarkers,
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Abstract

The study describes pentasubstituted phospholes with a a-conjugated arms in positions 2 and 5
of the phosphole ring. According o the expectations, substituents with electron-donating
groups led to lower oxidation potentials, the presence of electron-withdrawing groups shifts the
reduction potential 1o less negative values. Because all studied phospholes have multiple
substituents of both types. their resulting potentials represent the sum of their influences.
Moreover, since many of the studied compounds have two redox centers (phosphole moiety
itself and the m-conjugated arm), their locations were determined and intramelecular
interactions were followed, because substituents which can be conjugated with the m-system of
phosphole are able to extend the delocalized m-system resulting in stabilization of primary redox
intermediates. Chemical modification of phospholes using various combinat of substituents
can set the desired electrochemical properties of studied molecules.

Keywords: Phosphole, Conjugation. Electrochemical reduction and oxidation, Polarography.
Cyclic voltammetry. Glassy carbon rotating disc electrode.

Uvod

Fosfoly jsou péticlenné heterocyklické slouceniny obsahujici dienovy systém propojeny
atomem fosforu. V porovnani s ostatnimi péticlennymi nenasyveenymi heterocvkly (thiofeny,
pyroly, furany) vykazuji odlisné viastnosti. Maji nejnizii aromaticitu, klerd je vysoce ovlivnéna
substituen témi primo navizanymi na fosfor, tak i témi v polohach 2 a 5. Protoze atom
fosforu je vyklonény z roviny heterocyklu, jeho nevazebny elektronovy par se nezapojuje do
konjugace a heterocykl vystupuje spis jako dien. kde jsou moiné [4+2] evkloadice. Reaktivita
fosforu umoziuje nastaveni pozadovanych vlastnosti melekul jednoduchou chemickou
modifikaci "%, Konjugaci s areny v polohich 2 a 3 dochizi k rozsifeni delokalizace a asto i ke
zméné polohy oxidagniho & redukéniho redox centra. V uvedené vlastnosti fosfolil
umoZiuji nastaveni pozadovanyeh redox viastnosti jednotlivych molekul a konjugdtd i piiprava
molekul s novymi vlastnostmi. Rozdil mezi potencidlem prvni oxidace a prvni redukee dobie
koreluje s energetickymi hladinami HOMO a LUMO (nejvyssi obsazeny orbital resp. nejnizsi
neobsazeny orbital) a tim uréuje i fotofyzikilni vlastnosti studovanych slou¢enin, kieré jsou

diny primamaé rozdilem téchto hladin (HHOMO-LUMO gap) *

Fosfoly a jejich derivity jsou casto vyuziviny jako stavebni kameny v a-konjugovanych
systémech. Nachazeji uplaméni v katalyze, bio-anoganické i materidlové chemii, napf. jako
OLED (Drgﬂmc light- ing diode — svétlo vyzafujici organické diody). OPV (Orgnmc
Photovoltaics — organické fotovaltaické »lﬂll}\}r). OFET (Organic field-effect transistor —
organické tranzistory fizené elekirickym polem), NLO (nelinedrni optické pristroj
14,3

Juminiscencni materialy, polovodice, tekuté krystaly i molekulami stroje
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Redoxni vlastnosti studovanyeh molekul byly sledoviny v nevodném prostiedi acetonitrilu
(AN} na riznych elekirodich pomoci oxidace a redukee. Vyhodnoceni oxidacnich a redukénich
interpretace, h posunit a  rozdili  umoznilo  uréeni  tzv.
0" HOMO-LUMO gap. studium podilu substituenti na celkovych redoxnich
vlastnostech studovanych litek i ovlivnéni planarity molekuly a miry delokalizace elektront.

Experimentilni st

Viechna méfeni byla provedena v tiielektrodovém usporadani v nedélené elektrochemické cele
v bezvodém prostredi AN. Koncentrace studov itek byla pfiblizné 0.5-1 mM. zikladnim
elektrolvtem byl 0,1 M BuNPFs. Jako praco elektrody byly pouzity rtutova kapajici
elektroda s dobou kapky 1 pro DC polarografii (DC-P), diskovi elektroda ze skelného uhliku
(GC) o priméru 3 mm jako rotwjici diskova elektroda (RDE) i stacionimni elekiroda pro
oyklickou voltametrii (CV). visicl rtut'ova kapka (80 ms) jako stacionami elektroda (IIMDE)
pro CV. Referentni elektrodou byla standardni kalomelova elektroda (SCE) oddélend solnym
miistkem obsahujici bezvody elektrolyt. pomocnou elektrodou platinovy plisek. Pii DC-P a
voltametrii na RDE byla pouita rychlost polarizace 10 mV s, pro CV pak 0,051 Vs'!
Voltametrie na RDE byla méfena s rychlosti rotace 1000 rpm. Pro DC-P byl pouzit analogovy
potenciostat PA4 a XY zapisova¢ 4103 (Laboratorni piistroje Praha, CR). CV na HMDE byla
méfena pomoci SMDE 1 (Laboratorni pristroje Praha, CR). voltamerie na RDE a CV na
elektrodé z GC pomoci Autolab RDE 2 (Metrohim, Svycarsko)‘ Méfeni CV a RDE byla fizena
potenciostatem Autolab PGSTATI01 (Metrohm, Svyearsko) a softwarem Nova 1.11. Kyslik
byl ze vzorki odstranén probublavanim argonem.

Visledky a diskuse

Redukee molekul byla sledovina v bezvodem prostiedi AN pomoci DC-P, voltamerie na RDE
a CV na HMDE a na elektradé z GC; oxidace pouze pomoci voltamerie na RDE a CV na
clektrodé z GC

Nami studované litky litky (Obr. 1) - pentasu
fosfolu n-konjugované rameno ituovany fenyl). na zakladé fnkénich skupin mohou byt
rozdélené do Sesti skupin: £ litky se skupinami s indukéim/mesomernim efektem a substituei
dvou fenyli (1. 2. 3. 4, 7. 8). IL litky obsahujici ethoxykarbonyl (4. 12. 13). HI. latky
obsahujici acetofenon (10, 14). T1 litky obsahujici dvé methoxyvskupiny (2. 14, 15). ¥ litky
absahujici dva wifluormethyly (9, 10, 1), V1. fosfol oxid (5), VI litky se dvéma fere-
butylpyreny (6. 8).

tituované fosfoly — obsahuji loze 2 na

Vzhledem k asto komplikovanému mechanismu redukee i oxidace studovanych litek se v
tomto prispévku vénujeme pouze prvnim redukénim (Erenl) resp. oxidaénim potencidlim
(Foxl) a rozdilu mezi t€mite hodnotami (Tabulka L). Potencidly nez; na materidlu
ktrody. pii oxidaci dochazi pri vyssich potencidlech k polymeraci aromati. Substituenty
systematicky — posouvaji  oxidatni  a  redukéni  potencidly  vsouladu s jejich
indukénim/mesomernim cfektem — substituenty s elektronakeeptornim  vlivem  posouvaji
idl kméné zdpornym hodnotim. substituenty s elektrondonornim vlivem
il naopak snizuji. Elektrochemické vlastnosti odrizeji také miru delokalizace
elektronit. Ecx] a Exepl koreluje s HOMO, resp. LUMO, vétsi rozdil jejich energii odpovida
nizéi delokalizaci celého systému. 8 tim souvisi ireverzibilita’kvazireverzibilita redukee dané
molekuly. Interpretace redukénich a oxidatnich potenciald a jejich posumi v rdmei studované
série piibuznyeh derivitln prispiva kuréeni vlivu substituce na redoxni chovani molekul a
umoziuje Lak nastaveni pozadovanyeh viastnosti.

€l
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Tabulka T.
Pichled potencidlfi pro prvni redukéni (Erenl) a oxi
(V: vs SCE).

ni (Eoxl) kroky v ri

1y systémech

AN, Hg (redukee) AN, GC (redukee) AN, GC (oxidace) AE
OV RDE(GC) CV(GC)  RDE
E Eiax X (GC)

Epgpl
V1 V]
1 219 2,24 .20 2.24 111 1.13 331
2 2,20 2,24 2,22 2.28 102 1.06 3,24
3 2,05 216 2,15 2,19 0,78 0.8 2,93
4 1.82 1.86 1.84 1.89 1.27 1.30 an
5 1.67 1,72 1,72 1.76 1,48 1.51 3,20
6 1.83 1.89 1,90 1.95 1.01 1.02 2,91
7 1.98 2.00 2,02 2.05 1.30 1.33 332
8 2,0 2,07 2,04 2,07 1.09 1,12 3,13
9 1.87 1.93 1.90 1.92 1.20 1.19 310
10 1.78 1,82 1.80 1.83 1.28 1,31 3,08
11 L77 1.82 1.81 1.86 1.08 1,07 2,89
12 1.81 1.86 1,82 1.87 118 1.19 3.00
13 178 183 1.81 1.83 1.20 112 3.01
14 185 1,78 1.86 1.89 099 1.02 2,85
15 1 2,06 2,12 0.97 098 3,03

Epe = potencid
E"= potenc

potenc
=(Eps + Epc)/ 2):

AR = “potential gap™ el + £172 0x na RDE(GC)
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Samotny fosfolovy heterocykl je redukovin v jednom reverzibilnim redukénim kroku . Nami
studované derivaty fosfolu s elekirochemicky neaktivnim substituentem (1, 2, 3
redukované v Jednum reverzibilnim redukénim kroku s poten ovlivnénymi indukéim /
mesomernim vlivem substituentu. V pfipadé substituentu v polohich 2 nebo s, ktery se sim
oxiduje (redukuje) snadngji nez tostolové jadro. se poloha redox center posouva na toto rameno,
se na vysledném efektu podileji opét viechny substituenty, ale 1 zplisobem, kiery zavisi na
sti od lulmnuulmudn\u.nlm.ma mife w-del nimi. Vzhleds

m k tomu,

[izac
je vysledné elekirochemické chovini
celé molekuly snpcrpczm chovini fosfolu a \suh substituenti

me,

Nejmensi rozrhl mezi ]lodnohml Eoxl a Egenl vykazovaly Iﬂk\ se  substituentem
ke ¥ delokalizovany s napi. karbonyl (14).
¢ (3) a dva terc-butylpyreny (6) pfimo navizanymi na fosfol.
i pies fi niistek (8) jiz \\kuzo\aln vy&si rozdil
miru delokalizace zpusobenou vyklonénim fenylenového

mezi pDIencm]y ukazujici na ni
miistku z roviny.

Favir

Vhodna chemicka modifikace fosfolli umoziuje "ladéni” viastnosti molekul i celveh systémi.
7 clektrochemického  hlediska  lze  vhodnou  kombinaci  elektronakceptornich  a
elektrondonomich substituent@i Fidit foto-elektrochemické viastnosti fosfol. Substituenty
primdmé posouvaji oxidaéni a redukéni potencidly v souladu s jejich indukénim efektem,
ale umoznuji mezomemi zapojeni do elektronového systému. (napf. po navazini
tuentu konjugovaného s dienovym systémem fosfolu) dochizi k rozdifeni planirniho
zvyseni elektronové delokalizace, zvyseni reverzibility prvniho redukéniho kroku a
aci primamich redoxnich meziprodukti. Elektrochemicka data tak t ji dalsi
cilenou modifikaci deriviti fosfolu a pfiprave latek s novymi vlastnostmi pozadovanymi
v materidlové chemii.
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enzymu, aby bylo ovéfeno, Ze proces imobilizace negativné neovlivnil jeho schopnost
katalyzovat fosforylagni reakei.

Protein kinaza A (PKA) byla kovalentng imobilizovina na magneticke &astice s karboxylovymi
funkénimi skupinami karbodiimidovou metodou. Pro ovéfeni aktivity enzymu byl vyuzit
nizkomolekulirni substrat, ktery byl fosforylovin v pfitomnosti adenosin-thio trifosfitu (ATP-
S). Klery spontanné interaguje s nano¢asticemi koloidniho zlata pres thiolové skupiny ATP-S
Ty jsou analyzovany katodickou rozpoudtéci square-wave voltametrie na tistényeh uhlikovyeh
clektrodach (SPCE). Vysledny signil je mémy stupni fosforylace a tedy aktivite
imobilizované kindzy.

Experimentilni &st

Chemikilie

Proteinkinaza A (PKA) my&i (rekombinantni, 15000000 U/mg. Biaffin GmbIl & Co KG.
Kassel, Némecko). biotin-Kemptide (biotin-LRRASLG, Abbexa Ltd. Cambridge. UK),
tetralitng sl Adenosin 5*-[y-thioftrifosfitu (Sigma-Aldrich CHEMIE GmbH, Steinheim,
Nemecko), Sera-Mag Speed Beads (0,816 pm, -COOH, Metachem Diagnostics Ltd, Piddingion
Northampton, UK). Dynabeads™ MyOnes™ Streptavidin C1 (1 pm. Thermo Fisher Scientific,
USA). kolos zlaté nanod: e (10 nm. stabilizované v citritovém pufru). N-(3-
dimethylaminopropyl}-N"-ethvlkarbodiimid hydrochlorid. N-hydroxysulfosukein; sodny
(Sigma-Aldrich, Kalifornie, USA), ostatni chemikilie Zistoty p.a. (Penta, Chrudim, CR).

Pristrofe a pomiicky

Pro clektrochemicka méreni byl pouzivin kompakini potenciostat PalmSens2 se software
PSTraceS (PalmSens BV, Houten, Nizozemsko). Méfeni probihale na tistenych
tiielektrodovich senzorech s uhlikovou pracovni, Ag/AgCl referentni a uhlikevou pomocenou
elektrodou (SPCE) (C110 Metrohm, Herrisau. Svycarsko: OHT-000. Orion HiTech.
Spanélsko),

Imobilizace PKA na magnetické édstice a stanoveni enzymové aktivity

Na 1.2 mg magnetickych &astic bylo imobilizoviano 6 pg P reakéni objem byl 1.2 ml
Ciistice byly promyty Sx 50 mM MES pufrem pH 6.0. Pro aktivaci bylo pidino 9 mg EDAC a
1.5 mg sulto-NHS v MES putru. Po inkubaci 30 min pfi laboratorni teploté byl odstranén
supernatant a k magnetickym asticim byl pridan roztok PKA v MES pufru. Takto pripravend
smés byla inkubovdna pies noc pii 4 °C na rotatoru. Po imobilizaci
MES pufiem a 5x 40 mM HEPES pufrem pIl 7.2. Nosi¢ s imobilizovanou PKA je skladovin v
MES pufru 6,0 pii 4 °C. Pro stanoveni aktivity byl nosi¢ 2x promyt HEPES pufiem a bylo
odebrano takové mnozstvi magnetickyeh &dstic s imobilizovanym enzymem, které odpovidalo
2 ug PKA.K m bylo pridine 94 ul reakéniho pufiu (40 mM HEPES s 5 mM E
mM DTl‘a 5 mM MgCls. pH 7.2). 10 pg substratu biotin-Kemptid a 5 pl ATP-S (0.5 m\[
vreakéni smési). Reak&ni smés byla inkubovana 5 h pii 30 °C na rotitoru. Fosforylovany
substrat byl izolovin od nezreagovanych slozek pomoci magnetickych castic Dynabeads™
MyOnes™ Streptavidin C1 (0.3 mg. v PBS pufru pH 7.4. 20 min inkubace na rotatoru). Po
inkubaci byl supernatant odstranén a k magnetickym &isticim bylo piidano 20 ul 10 nm AuNPs
a 80 pl citranového pufiu pH 3,0. Smés byla inkubovana 20 min. Po inkubaci by
promyty 1x citranovym pufrem a bylo piidano 100 pl 0.1 M HCI a nasledovala inkubace 3
minuty na rotatoru. Supernatant byl analyzovin pomoci SWCSV.
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Podminky elektrochemicke detekece

Byla méfena proudovi odezva Au(lll) iotnit po kyselé disoluci AuNPs pomoci square-wave
katodické rozpoustéci voltametrie (SWCSV) za nisledujicich podminek: Econ 0,15 V po dobu
120 s. By 1.2 V po 180 s, rozsah potencidlu od 1.2 V do 0 V. Eag 0.003 V. amplituda
0,028035 V, frekvence 25 Hz.

Visledky a diskuse

Cilem prace bylo zavést metodu elektrochemického  stanoveni  aktivity solubilni
a imobilizované proteinkinazy A (PKA) jako jednoduchou a rychlou metodu jako alternativa
k dosud vyuzivané hmotnostni spektrometrii (MALDI-LTQOrbitrap/MS). Pfi MS analyze je
ve spekiru pozorovin posun m/z v disledku prenosu fosfitové skupiny béhem fosforylace
nizkemolekulimiho substritu Kemptide (LRRASLG). Tato metoda poskytuje informaci
o probéhlé fosforylaci. nieménd neposkytuje informace. které charakterizuji imobilizovany
enzym zpohledu zmény cnzymové aktivity po imobilizaci ¢ kinetickveh  parametri
imobilizované kindzy. Pro elektrochemické stanoveni bylo tieba do reakee zavést elektroa
slozku, Kterd poskytovala visledny signdl, Kiery koreluje s mnozstvim PKA v reakéni smé
Jeji aktivi mohou byt vyuzily ferrocenem znacené substraty', redoxni
medidtory® nebo elektroaktivni zlaté nanoddstice’. Nanogastice koloidniho zlata byly zvoleny
v této prici pro elekirochen stanoveni akt solubilni a imobilizované PKA. Biosenzor
w'uzt\ﬂ vlastnosti nanofastic koloidniho zlata spomame reagovat vazbou Au-8 s thiolo i
i skupinami. Ty poskytoval adenosin 5*-[y-thiourifostit (ATP-8), ktery byl p
Jjako ko-substrat pro foafon:.taun reakei. Jako specificky nizkomolekularmi substrit pro PEKA
byl navic pouzit biotinylovany Kemptide (bic LRRASLG). Ten byl pouzit s ohledem na
nutnost oddéleni nezreagovanych slozek pred square-wave vollametrickou analyzou.

Uginnost fosforylace solubilni kindzou a stanoveni fosforylovanyeh peptidi pomoei MS byla
jiz potvrzena v ramci nadi predeslé price *. Vzhledem k zdméné reagencii potiebnych pro
elektrochemickou detekei, byla v prvnich experimentech porovnina uéinnost fosforylace
biotinylovaného a nehiotinylovaného substritu a v pritomnosti ATP & ATP-S a byly testoviny
v od 1 do 24 hodin ALDI-LTQOrhitrap/M$ analyza potvrdila témef 90%
u¢innost fosforylace obou substrati. pouze v pfitomnosti ATP-8 bylo nezbyviné prodlouzit
reakéni Cas na 3 hodiny. zatimco pro ATP byla dostatujici 1 hodina. Pro imobilizaci PKA
kindzy byly testovany dva typy magnetickych
1 um a Sera-Mag Speed Beads o velikosti 0.816 um, kieré vykazovaly vy
imobilizace PKA. Imobilizace byla provedena standardni dvoukrokovou karbodiimidovou
metodou a byvlo optimalizovano mnoZzstvi enzymu, které bylo pouZito pro vazbu. Jako optimilni
mnozstvi bylo stanoveno 6 pg PKA/L2 mg &istic. Pro ovéfeni aktivity byl pro fosforylaci
pouzit substrit biotin-kemptide v pritomnosti ATP S. Fosforylace probihala v reakénim
prostiedi 40 mM HEPES s 5 mM EGTA, 2mM DTTa 3 mM MgClz (pH 7.2), po dobu 5 hodin
pii 30°C. Pro kalibratni zavislost byla pouzita solubilni PKA kindza v rozmezi 0.5 - 5 g
Mnozstvi navazaného enzymu bylo vypocitano ze ziskané kalibraéni zivislosti (viz obr. 1) a
odpovidalo 1.5 pg PKA.

reakéni &
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Zavér

Byl zavedena metoda elektrochemického stanoveni aktivity solubilni a imobilizované PRA
dzy pomoci square-wave voltametrie s vyuzitim lmul)dl uhlikovych elekirod jako
alternativa k narocnéjsi MS analyze. Pomoci elektrochemické detekee byla pro imobilizovanou
PKA stanovena operaéni stabilita, v soucasné dobé jsou sledovany kinetické parametry
imobilizované PKA.
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vodikom a kyslikom v zmesi pouzitej plynnej Fizy. Funkciou vodika je ukon&it’ uhlikové vizby

r ickych latok, kioré vedi k tvorbe grafitu na povrchu BDD *. Takato
ne ovplyviuje kinetiku prenosu elekironoy na
<lika do vodikovej plazmy ma zas za nisledok

rozhrani elektrolyt/elektroda
zv¥senie vel'kosti zrna diamantu ',

Uroveii dopovania hérom

Tdto trove je vyjadrovana najéastejsie ako pomer boru k uhliku [B]/[C] a pohybuje sa od 100
do 15000 ppm ' Spravidla 1 z 1000 atémov uhlika musi byt nahradeny borom — bor v rozsahu
10" 10° atémov na cm’. So zvyiujlicou sa koncentriciou béru sa zvyiuje aj elektrickd
vodivost™, to mava zvyeajne za nasledok vyssiu citlivost’ a nizéie detekéné limity (LOD)
s enily k negativnejsim hodnotam potencidlu. Mnozstvo
kyslika na povrchu vznikajiceho BDD sa zvyiuje s troviiou dopovania borom, fo ma za
nisledok negativne elektrénové afinity pre menej dopované elekirddy a pozitivne elektronové
ity pre vysoko dopované elektrody 101 pre elektrochemické apl ¢ je zvyéajne
vyhodnejsia BDDE s vysokou koncentriciou boru v diamante kvoli vyssej vodivosti, no pri
nadmemnych koncentriciach boru sa méze kvalita filmu zhorSovat', ato v désledku vzniku
Klastrov boru a sp’-hybridizovanych uhlikovyeh necistot. Ieh pritomnos e k degrada
elektrokatalytickej schopnosti. a preto bezne pouzivané komeréné BDDE si viiésinou vyribané
s Groviiou dopovania borom okolo 8000 ppm (film md kovovi vodivost’), ¢o sa zda byt
vhodnym kempromisom medzi polovodicovymi a silne dopovanymi BDDE *

Pomer uhlika v sp¥sp® hybridizicii
Pocas rastu BDD sa tvoria aj nediamantové sp” uhlikové nedistoty, ktoré su zaclenené hlavne
na ulrajmh zfn Ako bolo e spomenuté, troven dopovania borom ovplyviuje distrib
uhlika x[l asp® v koneenej struktiire krystilov BDD filmov. Sice vyssia irovei dopovania mi
i ch dnpu\zmm DDD s42vy pm‘cl sp’ miest

amicavost’ elektrod a hvdmillnu pnwhu co zwsu_]e adsorpeiu Drgmnck\.ch nmlern]ov na
povrch elekirady, a tiez zvisenie prirdu pozadia 1. Kedze uhlik sp? predsiavuje aktivne miesto
pre adsorpeiu, podporuje sa tvorba molekulameho Kkyslika a priama elektrochemicka
km\ur?mu\ndncm organickych zligenin na povrchu elekirody "' To znamend, e vyssi
obsah uhlika sp v diamantovej mrieZke spdsobi ziizenie potencidlového okna (rozsah medzi
reakénym potencidlom pre vivoj kyslika a vodika) 1%,

Terminicia povrchu BDD

Elektroanalytickis detekeiu analytov pomocou BDDE ovplyvitje jej povrehovi termindcia,
apreto je jej povrch Casto upraveny pre dany ucel, zvyajne pomocou elektrochemicky
metéd. Katodickou predipravou sa vytvira H-termindeia povrehu a anodickou predipravou O-
termindcia. Okrem elektrochemickych metod mozno vyuzit' aj dpravu pomocou plazmy®.
Nativna mikrokryStalicka BDDE pripravend metodami CVD je H-terminovand, kvali velkému
mnozstvu vodika pritomného v plymnej fize privadzanej pre rast filmu BDD ”. Takyto povrch
zakongeny vodikom ma negativnu elektrénovii afinitu, je hydrofobny. maji vysoka vodivost,
nizdi odpor voi prenosu elektronov. Nevvhodou viak moze byt vy prid pozadia vo
voltampérometrickej odozve !¢ Vodikom ukonéeny powrch byva stabilny po dobu
nickolkych mesiacov, no po ¢ase sa meni na Kyslikom terminovany povrch v désledku
anodickych oxidicii (napr. vyvoja kyslika) vo vodnych elektrolytoch. Kyslikom terminovany
povrch md odlisné vlastnosti — je hydrofilny s pozitivinou elektronovou afinitou a mi nizku
vodivost,
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Energy Dependences Associated with Galvanostatic Removal of Zine and Organic
nponents from Waste Water of Rayon Production

(Energetické zavi i spojené s gal ¥ym odstranovinim zinku a organic
sloZek z odpadnich vod z viroby viskozy)

Gabriela Kuchtovi. Ladislav Novotny. Aneta Karaskova, and Libor Dusek
University of Pardubice, Faculty of Chemical Technology, Institute of Environmental and
Chemical Engineering. Studentska 95, 532 10 Pardubice. Czech Republic,
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Abstract

The communication provided information on the energy consumption £. by direct current
galvano-static separation of zine from solutions containing ZnSOs under conditions close to the
clectrodeposition of zine from viscose production wastewaters. The [/ values were displaved
depending on the corresponding values of current densities i and electrical conductivities of
solutions «. The diagrams showed that Ex grew significantly with increasing 1, with asig
influence of k.

Keywords: Dircet Current Galvanostatic Deposition, Zine, Industrial Walters, Viscose
Production.

Uvod
Je znamo, ze zinek je velmi vyznamny jak pro Zivé organismy. tak pro jeho vyuziti v riznyeh
oblastech lidské ¢innosti . Nieméné jeho akutni nebo dlouhodobé zvyiené koncentrace
ohroZuji Zivotni prostiedi. Mezi viznamné zdroje znecistovani Zivotniho prostiedi patii
wyrobni procesy, pii nichZ se ve velkych objemech pracuje s roztoky obsahujicimi v riznych
formach vysoké koncentrace tohoto t&zkého kovu. Proto je napfiklad v nafizeni vlidy
& 401/2015 Sb. * wyzadovano dodrzovini jeho emisnich standardi, které v zavislosti
na primyslovém odvétvi ¢ini 0.5-3 mg 1. Kromé toho jsou napf. pro rizné druhy vod
pro specifické ely stanoveny jednotlivymi predpisy a nor imalni
Zn naGrovni deseti nebo desitek pug L. Soub&zné s témito opat
snaha zavidet technologie zahrmujici recyklaci zinku z odpadnich vod. Mezi
technologii s V)Frﬂzn_\m dopadem na Zivotni prostfedi patfi i vyroba viskozy .
i eénatého ZnSO, Kery je pak adeky.
lizne v koncentracich desitek az
stomg L " Pro rw\LIO\ ani se tak |mh1zq1 le\lml\mlu postupy zalozené na deponovani zinku
na katodich, s jeho naslednym rozpouténim kyselinou sirovou. Pro doé bytkovych
konecentraci Zn v odpadnich od:'u.h pred jejich vypousténim do povrchovych tokii mize pak
slouzit napiiklad nanofiltrace ®, popripadé i elektrokoagulace ", Mezi prednosti elekirolyzy
patfi  moznost  jejiho  uplaméni uwz i vrelativng  jednoduchém  dvouclektrodovém
galvanostatickém uspoiadani, pii aplikaci stejnosmémého elektrického proudu. V posledni
dobe roste v oblasti elektroseparatnich technologii zdjem i o slozitjai technicka fefeni zalozena
nejen napi. na starSich metodich s aplikaci méficich nebo ich potenciostatickych
i galvanostatickych  pulzi pomémé  rozsihle  studovanych  a  vyuzivanych  napf.
v pnlamhmmke voltametrické analyze uz od 50. let minulého stoleti *, ale zej i
a nové vyvijenych specifickych sekven
faktory a podminkami, které byly dfive technicky nedosazitelné. O vysledné efekii
elektrolyzy rozhoduje tedy téz fada daliich faktor(i a podminek, zejména volb1 materiald
elektrod, pouzitych proudovych hustot, elektrickveh vodivosti roztoki a dalsich !




/¥znamnymi informacemi alespon na orientaéni trovni pritom jsou ¢z udaje o energeti
naroénosti téchto technik. Cilem predlozeného sdéleni bylo shromazdit informativni ndaje
o ener5¢l1 cké niroénosti vybranyeh piikladi galvanostatického dvouelektrodového usporadini,
za vyuziti rezimu stejnosmémého proudu. V daném piipadé bylo pro zvoleny materidl cilem
tyto informat tdaje shromdzdit v zavislosti na proudovych hustotich a na elektrickych
vodivostech roztokin pro modelové a i nékteré provozni roztoky.

Experimentilni &iast

Podminky méfeni odpovidaly potfebdm doporucenym vyrobeem (GlanzstofT-Bohemia, Co).
Modelové vodné vzorky obsahovaly (podobné jako i redlné provozni vzorky) cca 100 mg L™
Zn80y, pii vWehozim pH roztoku 6.2, Kieré nebylo behem elektrodepozice upravovino.
Dvouelekirodové usporadani s aktivni plochou rovnobéznych elektrod 37 em?® (1. 6x6.15¢m?)
bylo umisténo ve vzajemné vzdalenosti 25 mm. v reaktoru temperovaném na 298 K. Na dné
reaktoru hylo magnetické michadlo. Pouzité proudové hustoty byly mezi 0 a 50 mA em”
Elektrickd vodivost roztokit mezi 0.5 a 5 mS em™ byla upravovina pridavky Na:SOu. V pipadé
anodické oxidace redlnych odpadnich vod z oplachu vidkna (TOC=72 mg 1) na BDD
elekirodach s aktivni plochou 5.34+0.12 m? se proudové hustoty pohybovali mezi 7.5x10"
a1.3x107 mA em”™. Souddsti vybaveni byly 1éZ laboratorni linedrni stabilizov: zdroj SDP
2210 (MANSON) v galvanostatickém rezimu, multimetr DT-9929 (CEM. Cinskd lidovi
republika). digitdlni analytické viahy ME2014 (Mettler Toledo, Svycarsko). konduktometr
inoLab Cond730 VWR (VWR International, USA), net ABIS Basic pH meter (Fisher
Scientific. USA) amagnetické michadlo se zahfivinim MR IHei-Standard (Heidolph,
Neémecko). V pribehu depozice byl odebirin 1 mL vzorku v hodinovych intervalech,

Visledky a diskuse
Elektrodepozice kovil md dlouholetou historii sahajici a2 k prvnim experimentiim s elektrickym
napétim a proudem. Systematicky vyzkum téchto déjii a souvisejicich procesin zacal viak az
v minulém stoleti a pokraduje i dnes. Mezi metody. které k tomu vyznamné prispély, patii
polarografie. voltametrie a pibuzné metody®. Vénovaly se a dosud vénuji mimo jiné studiu
mechanizmil prenosu naboje a vlivu tomu predchazejicich nebo navaznich procesi, jakoz
i vlivim daldich experimentalnich podminek (proudovych hustot. piepéti. pll transportnich
podminek, elekirické vodivosti. teploty ad.) na sledované redoxni d&je. V pipadé iontd ko
a jejich komplexii se asto jednalo pravé o jejich depozici.

Pro energetickou naroénost depozice zinku v uvedeném dvouclektrodovém zapojeni z toho
vyplyva, ze ke spotiebé dodavané energie dochazi zejména v oblasti katodického rozhrani, dale
uvniti roztoku a v oblasti anodického rozhrani. Schematicky zobrazuje energetickou niroénost
katodického prenosu niboje itatel v exponencidlnim vyrazu pro proud v rov. (1)

Al + rmFE,-)

RT o

i= % = nFk.cyexp (7
kde cor vijadiuje koncentraci oxidované formy, a je tzv. koeficient pienosu naboje (s hodnotou
lovy rozdil vici referentni elektrode, ke rvchlostni kenstantu
katodického (redukéntho) déje. AGa. dodatetnou (aktivaéni) katodickou energii. n pocet
elektronii a T, R F v pofadi absolutni teplotu., univerzalni plynovou konstantu a Faradayovu
Konstantu. Tudiz polarizaéni odpor Ry v rovnovizném potencidlu pii 1o odpovidi vztahu (2)

Ry = L 2
LT @
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Pro energetickou narocnost anodického prenosu naboje Ize analogicky k virazu (1) psat rov. (3)

Algg — (1= cr)an:'n) @

[ = nFkytreqeXp (— i

kde e.a je koncentrace redukované formy a £, potencial anody.

Na katodé je dominantni depolarizace iontit Zn** doprovizena pripadné i paralelni redukei
dalsich minoritnich slozek roztoku. Svou roli pritom schra jak faktory s
s pouzitym materidlem Katody (specificky katodovy polarizaéni odpor Ry, katodické prepéti
He, 1j. Ee viaci reverzibilnimu potencidlu redox reakee Er, kinetika elektrokrystalizace, aj.), tak
mechanizmus redukee Zn®" i dalsich slozek a mechanizmus jejich transportu k povrehu katody.
Obdobni situace je i u povrchu anody 1, ze se zde zpravidla uplatiuje polariza
anodovy Ry, prepéti ano Ho= FaFy a elektrooxidads transportni pro
slozkami roztoku podléhajicimi anodické oxidaci. Jejich sou&asti byva napf. i vyluCovani
kysliku rozkladem vody, zmény .go- “* na povrehu elektrod, apod. amnou roli
dale hraje 1 difuze ntova vodivost roztoku. Jeho odpor /2 vyvoliva jeho ohfivani, tepelné,
atudiz i energetické ztraty. V téchto piipadech jsou tedy spojeny i s piitomnosti koncentraénich
gradientii (grad ¢). Tok iontd ; uvniti roztoku je vyslednici difuzniho toku juy spojencého
s grad ¢; a toku ohmického jomm odpovidajiciho ohmickému gradientu potencialu grad Eoim
uvniti roztoku v nepiitomnesti grad ¢, pro které plati vztahy (4) a (5)

m
Jair == Z ziF Dy grade; “
i1
(5)
Jotm = =w grad Egpn

kde zi. [ a ¢ znadi pocet naboji, difuzni koeficienty a koncentrace i-té slozky ze viech
takovych m-slozek roztoku x elektrickou vodivost roztoku a ok, ohmicky potencidlovy spad
v roztoku,

Celkové se proto ukizalo vhodnym vyuzit pro informativni znazornéni energetické niro¢nosti
v jednotlivyeh pripadech 3D diagramy dodané energie K, v zdvislosti na proudové hustotd §
ana elektrolytické vodivosti k.

V nasledujici tabulce Tab. T je naznaten piiklad podminck, za nichz byly elektrolyzovany
modelové roztoky cea 100 mg L' ZnSOy bud po dobu 2 hod. nebo 5 hod. Hodnoty dodané
elektrické energie F, byly wieny z piisludnych dat vzdy za nastavené proudové hustoty i
v principu podle rov. (6)

t

E,= Aij Udt = Aill (6)

i
kde znali A plochu elektrod, / proudové hustoty, [/ prislusnd napéti a r éas elektrolyzy.
Tabulka I se vztahuje k pouziti médéné Cu-katody vuci platinové Pl-anodé.
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Tabulka 11, Hodnoty &, fy. E. ziskané béhem galvanostatické oxidace organickych litek po

2 a 3 hodindch na pritokové BDID anodé.

& ® iprim, Ee 2 hod Ee 5 hod

[mS-em '] [mA-em?]  [KWh-m?]  [kWh-m?]

1. 3.58 7.5x10" 0.8 20

5 % 3.67 3.0x107 T 19.2

3. 3.65 1.3x107 84.0 210.0
Zavér
Tato prace poskytla tidaje o energetické niroénosti tte]nocmame galvanostatickém depozwe
zinku z roztokd ZnSOy v souvislosti s vyrobou viskozy. Bylo ¥ spolieba energie

vyrazné rostla zejména s rostouci proudovou hustotou, za vy 1 vodivosti roztoku.
Pii analyze a diskusi fady vyznamnych faktorG ve vztahu Kk této praci i k daliimu zadoucimu
vyzkumu  (smérem kv efektivite) byly wvyuzity jak diivejsi  zkusenosti (napf.
z polarografické voltametrické  elektrolyzy. provadéné obvykle pri nizgich proudovych
hustotach) tak i nové piistupy K elektrolvze naopak (za vyssich proudovych hustot)
odpovidajici souasnym i budoucim potiehim praxe.
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Obr. 2. Linedr
a pro tii rizs

voltamogramy krystalického kfemiku (a) p'-typu (b) a n”-typu bez osvétleni
ladiny intenzity osvétleni povrchu Si

7 lineimich voltamogramii plyne, e zatimeo pro p'-typ $i dochazelo k anodickému leptini
e osvétleni povrehu Kiemikové desky, pro pozorovini anodického prouds (a pripravu
porézniho kiemiku) u n'-typu kiemiku bylo nezbyiné punzu osvétleni. Pro vzn:
porezmhokremlkud\ouvalencmmmech‘ln:zmem Je nezb tomnost dérh'. Pfi pr prwe
poréznich vrstev z p-typu kiemiku jsou v substritu kladné nabité diry jiz pritomny (diky
pritomnosti akeeptori, keré p i elekirony 7 valenéniho pasu), u vrsiev pHpravovanych
z n-typu kfemiku jsou v substritu pfitomny volné elektrony (diky pritomnosti donorovych
teré dodavaji elektrony do vodivostniho pdsu) a je proto nezbyiné osvétlovini substritu
v pritbéhu anodického leptani, kdy dochdzi ke generovani elektron-dérovych parii. Osvétlovani
Si substratu se u obou typi dopantil projevilo zvydenim proudu minoritnich nosici niboje

la v anodické oblasti pozorovana linedrni oblast, u p'-typu navic s tzv.
pikem odpovidajiciho proudu /ps. Lineami oblast proudu pod hodnotou fps
odpouda rezimu tvorby porézniho kfemiku: nad touto hodnotou dochazi jiz k odtrhavani
pripravené porézni vistvy od 8i substrtu a prechodu k rezimu s hodnotou rozpoustéci valence
&tyii. U p- a -typu Si substratd (p=10-25 €2 em) nebylo mozné zméfit voltametrické kiivky se
stivajicim experimentilnim vybavenim a rezim dvouvalenéniho rozpousténi kremiku byl
ovéfen gravimetricky a pomoei FTIR spektroskopie pii optimalizaci podminek pfipravy.

35 [ptype Si (100)
L boren doped | )
o _je=1t20m *

25n L
13 ol . . "

20 25
20 Cyp [Mass %]

a b
Obr, 3. (a) Zavislost porozity porézniho kiemiku na proudové hustoté pro riizné slozeni
clektrolytu. (b) Zavislost tloustky porézni vrstvy na hmotnostni koncentraci HF v elektrolytu
pro rizné proudové hustoty
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17 p-typu substritu byla provedena pcdrnhm grav
vrstvy a rozpoustéel valence pro rizné po 3 3
zavislosti porozity P a tloustky porézni vrstvy na proudové hustoté pro riizné slozeni leptaciho
clektrolytu. 7 obrizku je ziejmé, Ze porozita vrstvy roste s proudovou hustotou a s klesajici
konecentraci HF v elektrolytu a tloustka vrstvy roste s proudovou hustotou (celkovym nabojem
proslym Si substritem). piicemz na slozeni clektrolytu prilis nezdvisi,

retricki studie stanoveni porozity, tloudlky

Na obr. 4 je zavislost rozpoustéel valence pro p-tvp kiemikového substratu pro zvolené
podminky pfipravy. 7 obrazku plyne, Ze rozpoustéci valence roste s rostouci proudovou
hustotou. Zavislost na koncentraci HF v leptacim elektrolytu nebyla monotonni a pozorovany
prithéh je ovlivinén znaénou experimentalni chybou stanoveni (~30 %a).

2.4 Hp-type Si(100)
lboran doped
22 Hp=10250¢m|

> 20
18
16
14l . L
0 5 10 15 20
j[mAem?]

Obr. 4. Zavislost rozpoustéei valence pii anodickém leptani krystalického kiemiku na
proudové hustote pro rizné slozeni leptaciho elekirolyiu.

Narist rozpoustéci valence s proudovou hustotou pi pripravé porézni $i vrstyy sou
s postupnym ple«.hod:m od dvouvalenéniho mechanizmu anodického leptini, kdy se na
povrchu vrstvy tvoii prednostné vazby Sille (x=1-3). k &tyfvalenénimu mechanizmu, kdy
nariisti podil 8 0-«. a 8i-OH vazeb. Zastoupeni typu povrehovych vazeh bylo pro pripraven
vzorky sledovino pomoci FTIR spekiroskopie. Na obr. Sa je typické FTIR absorpén s

Gerslvé pripravené vistvy porézniho kiemiku, Ve spekiru jsou charakieri

odpovidajici valentnim vibracim Sn-[l vazeb v okoli 2100 em ' a pas odpovidaj
vibracim 8i-0-8i vazeb u 1100 em !
14 e p———
+1OSHH) - T
e vtSH) 6L :ypedslﬁgﬂ}
e ron dope
12 (S-0-81) . = 10-35 2 om
=
3 HOZAe HFEtOH=1:1
gio o
< 7]
Tt
08 &
06 ol L s s L
. 10 20 30 40 50
4000 2500 3000 2500 2000 1500 1000 500 i [mA 2]
W fem] Finrvem
b

Obr. 5 (a) FTIR a1l:sorpén| spektrum vzorku porézniho kiemiku, (b) Zavislost poméru plochy
dsith SiH a 8i0 povrehovyeh vazeb porézniho kiemiku na proudové hustoté.
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FTIR spekira naméiend pro (100) Si p-typu pro leptaci elektralyt o slozeni HE:EIOH=1:1 byla
vwhodnocena a byly stanoveny plochy, které odpovidaji jednotlivim typim vazeb. Pri
vvhodnoceni byvlo nutné odedist velikost plochy piku SiO vazeb v Cistém Si substratu (Si
monokrystal vyrobeny Czochralského metodou obsahuje relativné znaéné mnozstvi kysliku)
rislost poméru ploch piki, odpovidajicich Sitlc a $10 vazbam je na obr. 5b. Z obrazku je
imy monotonni pokles tohoto pomén s rostouci proudovou hustotou. Pro proudovou hustotu
7730 mA em? bylo zastoupeni Si0 vazeb na povrchu anodické vrstvy vy nez SiH, vazeb
a v mechanizmu anodického leptani jiz pfevazovala rozpoustéci valence &ty

Pripravené porézni vistvy byly charakterizovany skenovacim elektronovym mikroskopem, na
obr. 6 jsou viditelné pory o velikosti 1-2 um. Tento typ porézni vrstvy porézniho kiemiku se
(na rozdil od vrstev s m

nazgva makroporézni kemik a vykazu elikosti pordi a 2 oho

plynouei nizsi porozitou) intenzivai fotoluminiscenci pii pokojové teploté (obr. 6b).

b
()hl 6. ( ) SEM obrizek povrchu porézniho kiemiku, (b) fotografie vrstvy porézniho kiemiku
{ UV svétlem

Zavir

Byly studoviny podminky anodickeho leptani kiemikovyeh desek rizného typu v elektrolvtech
na bazi fuoridovych iontii pro pripravu fotoluminiscenénich vistey porézniho kiemiku pro
chemosenzorové aplikace. Pro p-typ kiemikovich desek s orientaci (100) bvla provedena
optimalizace parametrii anodického leptani a z gravimetrickych stanoveni byly ziskany
zavislosti porozity a tloustky vrstev na proudové hustoté a koncentraci HF v leptacim
elektrolytu. Voltametrické studium p* a n'-typu Si v elektrolytech na bazi fluoridovych iontd

0 Si (rozpoustéci valence dva) a dplného
odleptavini povrehu Si (rozpou vii). Vistvy porézniho kiemiku
optimalizovanych podminek vykazuji makroporézni morfologii o velikosti pori 1-2 pum
aintenzivni fotoluminiscenci pfi pokojové teploté

ukizalo proudové rozsahy tvorby vrstvy porézn
i valence
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nanofoams prepared under different conditions varied within a relatively narrow range of
60mV, while no sample had the potential shift less than 200 mV (in acetonitrile-based
electrolytes, vy 295 m the dimethylformamide-based ones) compared to the smooth silver.
The results on the electrocatalytic performance could be explained only with the suggestion that
the reaction proceeded primarily on the defects of the flat surfaces (facets) of the silver particles
forming the nanofoam. and such defects were the intrinsic feature of any silver nanofoam
sample formed via electrodeposition. Suppositions about other possible origins of the higher
electrocatalytic activity, such as involvement of the silver atoms at the edges and vertices of the
nanocrystals, redistribution of the potential on the curved metallic surface or apparent effect of
the surface area increase were not consistent with the experimental results.

Fig. 3. Formulac of the organic halides studied in this work.

A long-term preparative-scale performance of a selected sample of the silver nanofoam was
d in the preparative electrolysis of 1-bromo-4-fluorobenzene and CF:CHCIBr. The
reduction of the latter was accompanied by destruction of the nanofoam. presumably due to the
formation of soluble complexes with the CFz~CHCT alkene — one of the possible reaction
products. However, the performance of the nanofoam in the debromination of 1-bromo-4-
fluorobenzene (vielding fluorobenzene) was comparable 1o the performance of a bulk silver
wire with the same electrochemically active surface — which. in turn. allowed to achieve the
same results employing more than 500 times lesser amount of silver.

Conclusions

Electrodeposition of silver from acidic aqueous electrolytes under high current density resulted
in formation of foam-like deposit (nanofoam) with 2-level hicrarchical structure (microscale
and nanoscale). The resulting material exhibited superior electrocatalytic activity in reductive
dehalogenation of organic halides of various structure compared to smooth silver electrodes,
which manifested itsell n less negative potentials of the cyclic voltammetry peaks
corresponding 1o the reduction of the organic halides. Variation of the dep or
(concentration of electrolyte components. deposition time and current density) allowed to tune
the sizes of the structural elements of the nanofoam, but only slightly influenced the
clectrocatalytic performance. Such superior electrocatalytic activity could originate from some
kind of active centers on the surfaces of the crystals, and this could be an mtrinsic feature of the
silver deposits formed under high current densiti
similarly to smooth silver electrode with the same surface area in preparative-scale
debromination of 1-bromo-4-fluorobenzene vielding fluorobenzene. allowing to achieve the
same resulls employing more than 500 times lesser amount of silver.

on o

. The nanofoam electrode coating performed
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Abstract

Open circuit potential (OCP) measurements of the partition of tetrapentylammonium chloride
(TPeACI) at the water/1.2-dichloroethane (DCE) interface reveal two remarkable processes
The first one is characterized by a decay of the OCP from its expected equilibrium value. This
process has been ascribed to the extraction of the salt driven by its accumulation in the hydrated
salt clusters in the DCE phase. The second process is characterized by the short-term potential
spikes overlapping the long-term OCP records. These spikes are assumed to be associated with
the collision and fusion of the hvdrated salt clusters produced by the former process with the
water DCE interface.

Keywords: Water/1,2-dichloroethane inferface, Salt partition. Open circuit potential, Potential
spike. Hydrated salt cluster.

Introduction

Recently, we have proposed ' and reconsidered * a model of the salt partition at a water/organic
solvent interface emphasizing the role of the hydrated salt clusters in the organic solvent phase
3 entially, we have shown that the amount of the extracted TPeA” and CI jons exceeds
considerably the limit imposed by the equilibrium concentration of the C1' ions in DCE and the
electroneutrality condition % The excessive TPeAC] was assumed to be accumulated in the
hydrated salt ¢lusters in DCE, the formation of which thus represents the driving force of the
anomalous salt extraction *

Here we provide evidence of the reverse process comprising a spontancous transfer of the
hydrated TPeAC clusters from the organic to the aqueous phase and their dissolution. Evidence
is based on the observation of the potential spikes overlapping the long-term OCP record. In
the previous studies ' these spikes were not observed probably due to much lower initial
concentration of TPeAC] the aqueous phase, and thereby much lower amount of the salt
transferred 1o the organie solvent phase. The impact of the hydrated salt clusters can be treated
as a self-perturbation of the salt partition at a liquid liquid interface *.

Experimental

Reagent grade tetrapentylammonium chloride (TPeACI) was supplied by Fluka AG. and used
as received. Tetrapentylammonium tetraphenylborate (TPeATPR) was prepared by metathesis
of TPeACI and NaTPB. Electrolyte solutions were prepared using deionized water (< 0.1 uS
em”, GORO system, Czech Republic), and 1.2-dichloroethane (1.2-DCE, 99%, Penta).

A two-electrode cell was used throughout, the scheme of which can be described by

Ag/ApCl 39 mM TPeACKw)' 5 mM TPeATPB(o)' 5 mM TPeATPB(0") 5 mM TPe ACI(w"y
AgCliag’

n

The liquid/liquid interface with the area 4 = 17710 m? was supported at the tip of an L-
shaped glass capillary with the inner diameter of the orifice of 1.5 mm. The capillary was filled
with the aqueous phase (w) and immersed in the organic phase (o) (volume = 2 mL). A small
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1 2
TPeA'(w) + Cl(w) 5 CI'(0) + TPeA'(0) S TPeACKo.cl)
(2)
where {0.¢cl) represents the hydrated TPeACI cluster phase in the organic solvent.. The step 2
can be preceded by the reversible formation of the ion pair TPeA'Cl. The OCP transient was
transformed into the time dependence of the TPeACI concentration  €fjpac(0,t) =
Fbeas (0,8) = ¢f_(0, 1) on the aqueous side of the w/DCE interface jons using a Nemst-type
equation. Fig. 1B shows that the plot of ¢ff.¢ (0,¢) vs. the square root of time ¢ is linear over
almost entire period of time of the OCP measurement: cating that the concentration dec:
is controlled by diffusion.

The second process is observed when the two liquid phases are in contact for a longer time, and
the TPeACI concentration in the aqueous phase is high enough. This process is characterized
by the positive potential spikes overlapping the long-term OCP records: ef Fig. 1A, curves 2
and 3. These spikes correspond to a sudden increase of the TPeA” concentration on the aqueous
side of the interface. We assume that this new efTect is associated with the collision and fusion
of'the hydrated TPe ACI clusters or their aggregates previously formed in the organic phase with
the water/ DCE interface. Obviously, the amount of TPeACT released from a single cluster must
be sufficient to cause an observable increase in the concentration of TPeAC] on the aqueous
side of the interface.

The potential spikes on the OCP record can be treated as a response 1o a perturbation of the
steady-state diffusion process underlving the long-term potential decay. The potential spikes
were converted to the concentration tranzients. An example of the concentration transient
corresponding to a single potential spike is shown in Fig. 2A. After the period of time of 0.4
s from the onset of the spike, the plot of the coneentration cpeaei(£) vs. the square root of time
1 becomes linear with a slope of -0.15 mol m™ &' which is almost identical to the slope of the
overall steady-state process. cf. Fig, 1B. For the purpose of an analysis of the potential spike
itself, the concentration transient shown in Fig. 2A was corrected for the contribution from the
long-term TPeACI concentration decay shown in Fig. 1B. The corrected transient of the
concentration increment AeYp, (0, £) with the onset concentration set to zero is shown in Fig,
2B

We assume that part 1 of the concentration transient corresponds to the impact of the hydrated
TPeACI cluster from the organic side of the interface followed by its dissolution and ion
dissociation in the aqueous phase. This process occurs as a zero-order reaction. ie. the
increment of the concentration of the dissociated TPeACT on the aqueous side of the interface
is proportional to time #, Actpaaci(0,t) = kyt. where & is the zero-order rate constant. The
concentration inerement Acfpeaey(0,£) reaches a maximum after the period of time £ - 7 = 50
ms, of. Fig.3A. In the second part, the increment Acfhaac (0, ) decreases due to the ongoing
transfer of TPeAC] to the organic solvent phase and the formation of the hydrated TPeACI
clusters, according to the Scheme 2. Smcc both processes oceur simultancously, their resolution
can be only tentative. The ma; it (AT peact Ymax OF the TPeACI concentration,
which is unaffected by the following ion pairs formation, can be estimated by extrapolating the
linear concentration plot in the part 2 of the concentration transient to the time ¢ = fo. yielding
(Ac¥heac)max = 0304 mol m~. Fig. 3A (line 2) shows the dependence of the hypothetical
concentration increment (chr‘}.,,m,)hw on time unaffected by the step 2 in Scheme 2. with the
initial slope s (~ k1) = 6.2 mol m? s, The difference of the h\'polhehcﬂl concentration
increment (_V:T,,,,,m)m, and the e\penmenml concentration increment Acfpoac (curve 1 in
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810, ) on time has the same shape as the concentration increment AcTpe (0, 1), though the
values of ¢2,_(0, 1) are two orders of magnitude Tower, ¢f. the y-coordinate on the right-hand
side of the plot shown in Fig. 2B. Eq. (3) was used to evaluate the equilibrium constant K =
% /i and the rate constants k and & , assuming that the volumes of the boundary layers oceupied
by the reactants in the aqueous and the organic solvent phase are equal. The equilibrium
constant K = (0.304 — 0.15 — 0.002)/(0.002 x 5.002) = 152 m’ mol' was evaluated
from Eq. (3) upon the substitution of the corresponding concentrations attained at a
Iy long time, when the rate (dAcrpeacicos)/dt approaches zero. The value of the
second-order rate constant k — 109 m* mol! s was obtained by fitting Eq. (3) to the
experimental time dependence 1chPm(mJ(0 t) (Fig. 4A. curve 4) after substituting T by
k,’K The rate constant K is then evaluated as k = k,"l( = 7 s, The time dependences of the
forward and the backward reaction rates in Eq. (3) are shown by curves 1 and 2 in Fig. 3B,
respectively.

Conclusions

The detection of the self-perturbation of the steady-state salt partition at the ITIES offers anovel
100l to study its kinetics and mechanism. In principle. this approach has all advantages of the
traditional electrochemical perturbation techniques and, moreover, this kind of perturbation is
introduced by the electrochemical process itself. In contrast to the perturbation signal from an
external source. this perturbation is caused by a small electrically neutral particle. the impact of
which does not induce any measurable mechanical instability of the interface. An analysis of
the potential response of the electrochemical system fo the perturbation of the steady-state
process provides a unique possibility to infer the kinetic and equilibrium data from single cluster
impact measurements.
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the case of compounds 7A, 7B, 8A and 8B a small pre-wave of the iridium oxidation is
le. This pre-wave is more visible for pounds 7A and 7B compared to compounds 8A
and 8B. This pre-wave is not observed in the case of compound AM17, since the ligand field
in the case of this compound is significantly different in comparison to other compounds.

Conclusion
The main purpose of this work was to characterize the redox behavior of Iridium complexes.
All voltammograms were characterized by a ible one-clectron wave at Fpz around

770 mV vs RE. The position of the peak differed based on the structure of the individual
compounds
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Abstract

The occurrence of persistent organic micropollutants (pharmaceuticals. drugs. pesticides,
personal care products, ete.) in various parts of the environment is an actual global problem.
The presence of contaminants in the environment is associated with the risk of adverse effects
on living organisms and therefore advanced water treatment technologies are intensively
studied.

The aim of the present work was to use el al advanced oxidation processes (EAOPs)
using a different type of boron-doped diamond clectrodes (BDDE) under different working
conditions for removal of diclofenac from water and to identify degradation and transformation
products formed during the degradation process by a combination of IIPLC-IIRMS.

Keywords: Non-steroidal anti-inflammatory drugs. Planar and porous BDDE, Identif on of

degradation products.

Uvod

Diklofenak (DCF) je syntetické nesteroidné protizipalové lictivo (NSAID). ktoré ma okrem
protizipalového Gi¢inku aj analgetické a antipyretické uginky. DCF patri do skupiny najéastejsie
predpisovanych Tickov na liethu reumatoidnej artritidy, osteoartritidy, poraneni pohybovéha
ustrojenstva a pooperaénych analgézii v humannej a veterindmej medicine. Mechanizmus
ucinku NSAID je zaloZeny na supresii syntézy prostaglandinov prostrednictvom inhibicie
dvoch foriem cyklooxygendzovych enzgmov (COX-1 a COX-2) 1. DCF 1 jeho metabolity st
pritomné v odpadovych vodach na v¥stupe z konvenénych &istiarni odpadovych vod, kde nie
st tiplne eliminované, coho dosledkom je ich pritomnost’ v celom vodnom prostredi = Nakolko
sa vo vodnom prostredi DCF nachidza v rel okyeh koncentracidch (radovo pg/L) *4,
Europska tnia ho v roku 2013 zaradila do ho kontrolného zoznamu prioritnyeh latok
(smernica 39/3013/ ozhodnutic EUT 2015/495) rimeovej smemice o vode s cielom ziskat
dostatoéné monitorovacie daje na ucely identifikicie potencidlneho rizika 3,
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Konvenéné ¢istiame odpadovyeh vod nie =i schopné DCF dostatoéne eliminovat’ (priemerna
icinnost” odstrinenia je 20-36 %) a umoziuji jeho vstup do zivoiného prostredia ©
Z uvedenych dévodov sa vo vieobecnosti hl'adajii nové pristupy k efekiivnemu odstranovaniu
perzistentnych polutantov. Jednym zo skimanych procesov je elekirochemickd (anodickd)
oxiddicia s vyuZitim borom dopovanyeh diamantovych (BDD) elektrod zalozend na generovani
OH radikalov. Utinnost” a rychlost’” anodickej oxidiciec na BDDE je silne ovplyvnena

charakteristikami BDD vrsivy, napr, roviiou dopicie borom alebo pomerom sp3/sp2 a
drsnostou povechu "%, Pouzitim trojrozmernych BDD elektrod je moZné vyrazne zvvsit'

acinmost” odstranovania prostrednictvom rovnomerne rozlozenych porov, &im sa znizi odpor
prenosu elektronov Tvorba al vch oxidantov/radikilov zdivisi aj od obsahu soli
akomplexnosti matrice. Na druhej strane, uvedené charakteristiky mozu okrem 0&innosti
nia ovplyvnit’ aj tvorbu vedlajsich produkiov oxidicie 1",

odstrar

Praca sa venovala porovnaniu Géinnosti anodickej oxidicie diklofenaku dosiahnutej s vyuZzitim
réznych typov BDD elektrod a réznyeh soli a naslednej identifikacii uzmk.nlﬂ\cll degradacnych
4 transformaényeh  produktov s vywzitim  kombindcie  vysokod kvapalinov
chromatografia - vysokorozlisovacia hmotnostna spektrometria (HPLC-HRMS).

Experimentilna ¢ast

Na pripravu roztokov a mobilnyeh fiz bol pouZity chlorid sodn¥, siran sodny, Kyselina mravéia
(LC-MS &istoty), acetonitril (LC-MS Gistoty), sodna sol’ diklofenaku a izotopicky znadeny
Standard diklofenaku (13C6) zakipené od Sigma-Aldrich (Nemecko). Vietky roztoky boli
pripravené z dvojstupiiovo Cistengj vody systémami Labeonco a Millipore Simplicity { Lambda
Life, Slovensko).

Na elektrochemickn oxida
rastené na lestenom kren

boli pouzite BDD elekirady (2.5% CHa/Hz, 10 000 ppm B/C)
. Strukturovanom kremiku a poréznej keramike (40ppi. r=2.5cm).

Elektrochemicka oxidicia sa uskutocnovala v4 L nadobiach s elektrolytom (NaCl alebo
NazSOy) s pridavkom DCF (1 mg/L). Vzorky holi odoberané v ¢ase 0, 10, 20, 30, 60, 120 a 240
mindt elektrochemicke) oxidicie,

Kvantitativna LC-MS/MS analyza bola uskutoénend pomocou kombindcie HPLC-MS/MS,
s vyuzitim trojitého kvadrupélového hmotnostného spektrometra TSQ Quantiva s vyhrievanym
clektrosprejom v pozitivinom  ionizaénom méde (Thermo Fisher Scientific. CA. USA).
Identifikicia degradaénych a transformaénych produktov sa uskutofnila prostrednictvom
HPLC-HRMS na pristrojovom vybaveni LC-MS-IT-TOF™ (Shimadzu, Kyoto, Japonsko) a
QExactive (Thermo Fisher Scientific, CA, USA).

Visledky a diskusia

Ciclom price bolo sledovanie vplywvu typu substratu pouZitej BDD elektrody a pracov
clektrolytov na adimeost’ elektrochemickej oxidacie diklofenaku ako aj na vplyv typu BDI
tvorbu degradagnych a transformaénych produktov v deionizovanej a odpadovej vode. Pre
tento ucel boli na degradaéné experimenty vyuzité rozne typy elektrod (2D a 3D BDDE)
aelektrolyty pripravené pridavkami soli (NaCL NaxSOx),

veh sa prejavil pri porovnani vplyvu soli tvoriacej
h elektrad bola pri pouziti NaCl elektrolvtu
(takmer 100%) aéinnost’ elimindcie DCF. Prikladom je porovnanie
m sSi'BDDE (Obr, 1). Zatial’ ¢o pri pouziti NaCl bolo mozne
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Mechanismus elektrochemické oxidace morfinu ve vodnych roztocich byl jiz v minulosti
podrobné studovin pomoci voliametrickych technik * V kyselich roztocich o pi 1.2 4 se
anodicki oxidace morfinu projevila na diferenénim pulznim voltamogramu jednim proudevym
pikem (pii potenciilu kolem 0.7 V proti Ag/AgCl v roztoku o pll 3). Vrozmezi pIl 4-12
poskytoval morfin dva anodické DPV-p Prvni  proudovy signial byl piisouzen
jednoelektronové  oxidaci  fenolové  skupiny  morfinu  za  tvorby  dimerni  strukiury
pseudomorfinu,  druhy  dvouelekironové oxidativni  N-demethylaci na  normorfin”
V prezentovaném piispévku jsme se zaméfili na identifikaci produktii elektrochemické oxidace
morfinu ve vodnych roztocich o pll = 3. Produkty potenciostatické elektrolyzy byly
analyzovany pomoci kapalinové chromatografie s hmotnostné spektrometrickou  detekei
s vysokvm rozlisenim.

Experimentilni &iast

sobni roztok morfinu (Lipomed, Svycarsko) hydrochloridu v deionizované vode (18.2 Mg,
ipore, Merck) byl pripraven v koncentraci 1.88- 107 mol/l. Kyselina octovi a octan amonny
pro piipravu roztoku zikladniho elektrolytu byly Lpro analyzu®, pro pripravu mobilni

i,
faze byla pouzita mravenéi kyselina (=99%, Sigma-/ h) a acetonitril (HPLC grade, VWR
Chemicals).

Elektrochemické experimenty byly provadény na pfistroji Autolab PGSTATI28N (Metrohm
Autolab, Nizozemsko) v tiiclektrodovém zapojeni s referenéni kalomelovou a pomocnou
platinovou elektrodou.  Diferenéni pulzni voltamogramy byly zaznamenany s pracovni
elektrodou ze skelného uhliku polarizovanou rychlosti 0,03 Vis vrozsahu 0 az 1.4 V,
s amplitudou pulzu 0.1 V a dobou pulzu 50 ms. Elektrolyza morfinu (¢ = 5-10°° mol1) na
platinové sitkové elektrodé za konstantniho potencidlu 1.1 V proti nasycené kalomelové
elekirodz byla providéna po dobu 10 minut. Pomocnd platinova elektroda byla umisténa
voddéleném  katodovém  prostoru naplnéném  roztokem octamu  amonného (0.2 mol/l)
Zakladnim elektrolytem byl roztok octanu amonného. jeho? acidita byla upravena na pH =3
pridavkem octové kyseliny.

K separaci elektrolyzovanyeh roztokih morfinu v UPLC systému Acquity (Waters, LS\J
emovym hmotnostnim spektrometrem Select Series Cyclic IMS Q-TOF (Waters. V
&) byla pouzita kolona Raptor ARC-18 (100 = 2, Imm: 2.7um: Restek) a mobilni faze
z0,1% vodného roztoku mraventi kyseliny (slozka A) a 0,1% roztoku mravendi
kyseliny v acetonitrilu (slozka B). Gradientovi eluce byla provedena v programu: (-2 min 2 %
B. 2-10 min 2-100 % B, 10-11,5 min 100 % B, 11,5-13 min 2% B. Pritokova rychlost byla
nastavena na 0.4 ml/min. divkovany objem vzorku byl 5 pl. Hmotnostné spektrometrické
podminky byly nasledujici: Kladny mod ESIL napéti na kapildfe 2 KV, napéti na konu 60 V,
teplota zdroje 100 °C. prittok desolvatagniho plynu 800 Ihod, desolvatazni teplota 230 °C a tlak
zmlzovaciho plynu 6 bard. LC-MS data byla zpracovina v softwaru MassLynx 4.1 (Waters,
Velki Britanie).

Vysledky a diskuse

Elektrochemicki oxidace morfinu v kyselém prostiedi (pH — 3) se projevuje na diferenénim
pulznim volamogramu dvéma anodickymi proudovymi piky pri potencidlech 0.6 a 0.9 V
(Obr. 2. kiivka [). Predb&iné vysledky analvz roztoki elektrolyzovanych pii niZiich
potencialech (odpovidajicich prvnimu anodickému piku) potvrdily tvorbu pseudomorfinu jako
hlavniho reakéniho produktu. V této studii byl pro elektrolytickou oxidaci morfinu nastaven
po: potencidl 1,1 V, ktery odpovidi limitaimu proudu druhého proudového signilu
morfinu v kyselém prostiedi. Na DP voliamogramu roztoku morfinu elekirolyzovaného
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10 minut na velkoplosné Pt sitkové elektrodé pii 1,1 V se iz nevyskytoval Zadny z pivodnich
pikit morfinu (Obr. 2, kfivka 2)

0o az 04 08 o8 10 12

107 mol/1} pied elektrolyzou (kiivka /)
2y ve vodnem roztoku octanu amonného

apo elektrolyze pii potencialu 1.1 V proti SCE (kii
o pH =3 (kitvka 3).

LC-MS analyza elektrolyzovaného roztoku ukizala, Ze pfi vy38im potencialu elekirochemické
oxidace vznika dimerni pseudomorfin pouze jako minoritni produkt. Hlavnimi produkty jsou
latky poskylujici protonované molekuly s miz 300 a 318 (Tabulka ). Podle pfesné hmoty,
kané hmotnestnim spektrometrem s vysokvm rozlisenim, a z ni uréeného elementarniho
slozeni jde pravdépedobné o chinon a dihydroxy derivat morfinu (Obr. 3),

Tabulka L
Vysledky LC-MS analizy vzorku morfinu elektrolyzovaného ve vodném roztoku octanu

amonného/kyseliny octove (pH = 3)
Litka Ir m'z [M+H] dtm* Plocha piku
(min) (mDa) extrahovaného iontu
Morfin 4.08 2801484 4,1 6610
o-Chinon 2,06 300,1259 23 26 580
Hydroxymorfin 2 302,1433 4,1 1698
Hydroxy-o-chinon 316,1235 50 2197
Dihydroxymorfin 4.9 77 196
Pscudomorfin 4.28 6,2 283

*dim = odchylka experimentalné zjisténé hodnoty m/z od teoretické hodnoty

£ vysadkit LEMS analizy a nalezenych reakénich produkti je mozn vyvodit, 7¢ v pronim
kroku elektrochemicke i ]s.nOlU\u *}\lipln\
v poloze C3 \

nebo se pfi vy§sim [mlcnm:ﬂudulu n\tduj:: na
padléha nukleofilnimu ataku vody za vzniku
mize dale dvouelektronové oxidovat na e-chinon ([M+11]" s mfz 300)
tohoto produkiu mize podléhal dvouvelekironové oxidaci a nasledné hydroxylaci za vzniku
10-hydroxy-o-chinonu s [M+H]" o miz 316. Nestabilni hydroxy-o-chinon milZe byt v rozioku
redukovin  dal$i molekulou hydroxymorfinu za vzniku hlavniho reakéniho  produkiu,
2.10-dihydroxymorfinu, s [M+H]" o m/z 318,

-hydron 3'111L>r'1]nu (IMHH]" s mifz 302), jenZ se
Tautomerni forma
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Abstract

In his contribution, a comparison of catecholase activity of recently synthesized mono- and
binuclear copper(ll) complexes towards selected substrates (3.5-DTBC and neurotransmitters)
is presented. The Michaelis-Menten kinetics model was applied for such description. Besides a
finding of comparable catalytic activity for the copper compl tested, the s e
have been performed in methanol as well as in phosphate buffer pH 7 where the measurements
can be compared with enzyme tyrosinase.

Keywords: UV-VIS  spectrophotometry:  dopamine:  amperometry, copper complexes;
Tyrosinase.

Uvod

Piiprava a charakterizace umélveh enzymi jsou v popiedi zdajmu v oblasti katal Jejich
mozné vyuziti je zkoumino jak v reakeich pii syntéze tak i v elektroanalyze % Vétsinou se
jednd o jedno nebo vicejademé komplexy médi. Jednim # celé fady prikladii je zapojeni
Komplexit mdi coby nahirady enzymu tyrosindza, kiery lze s ispéchem vyt v biosenzorech
slouzich ke stanoveni obsahu polyfenolyckych resp. biologicky aktivnich litek (napi.
neurotransmitert) *, Nicw tabilita biosenzoru obsahujiciho enzym tyrosindza je bohuzel
omezena pouze na nékolik tydnii v zavislosti na jeho konstrukei a skladovani *%. To je jednim
z divodd, pro¢ je ast vizkumu vénovana syntéze biomimetickych katalyzatoril tedy
predeviim komplexti médi s cilem napodobit chovini tyrosindzy. Nové
komplexy jsou sice piislibem v této oblasti. aviak jejich problémem je nizka rozpustnost a tak
se cela fada méfeni popisujici katecholizovou aktivitu piisluiného komplexu odehriva v
prostiedi methanolu & jiného nevodného rozpoustédla a jake modelovy substrat je obvykle
pouzit di-tere-butylkatechol (3.5-DTBC) za tvorby definovancho produkiu 3.5-di-tere-
butylchinonu s charakteristickym absorpénim maximem v UV-VIS (400 nm) . Tvto podminky
jsou viak obtizné srovnatelné s tyrosindzou Katalyzovanou preménou substritu, kiera probiha
vyhradné ve vodném prostiedi. Navic produktem tyrosinizou kmal‘.zomne oxidace celé fady
substrali mj. neurotransmiter(i je sice p é
podobé tverby polymeru ® Relativni porovnani piipravenveh katalyzdtort, v ramei j
charakterizace, nabizi parametry. které jsou tvpické pro popis enzymem Katalyzovanych reakei
Tedy srovndni pomoci parametri modelu Michaelis-Mentenové. K tomuto popisu se nejéasteji
pouzivi UV-VIS spektrofotometrie, ale lze s uspéchem vyuzit i elektrochemickyeh technik
napi. amperometrie.V tomto piispévku je dile uvedeno, diskutovano porovnini katalytické
aktivity jedno a dvoujademych komplexti médi (viz. Obr.1) prorizné substrity a rovnéz
s katalytickou aktivitou enzymu tyrosindza.







rozdilné usporidini z hlediska koordinace a také pritomnost druhého atomu médi, navic
potfebujeme dvojnasobnou koncentraci komplexu K2, coz 2 néj ¢ini v tomito pripadé _horsi
Katalyzdtor. Nutno podotknout, ze litka 3,5-DTBC neni rozpusind ve vodé, proto méfeni
pmhlhalo v acetonitrilu. V tabulee 1 jsou uvedeny i daldi kinetické parametry. napi. hodnoty
rychlostni konstanty Kea. uddvajici podet molekul substritu pfeménénych jednou molekulou
komplexu/'enzymu za jednotku Casu, kde jednojaderny komplex K2 neni vyznamng horsi, N
oba komplexy se ligi i v rozpustnosti. jednojaderny komplex je rozpustny ve vodé, a lze tedy
provést méfeni ve fosfatovém pufru pH 7. Porovname-li dile hodnotu Ky, (2.1 mM) s hodnotou
tabelovanou pro enzym tyrosindza (0.84-1,1 mM) dostupnou v databizi BRENDA ¥, pak
vidime, Ze tyto hodnoty jsou vesmés srovnatelngé.

Tabulka I IHodnoty kinetickveh parametrd popisujici katalytickou aktivitu komplexi
K1 (150 pMya K2 (300 pM) pro vybrané substraty.

K1 K2
Substrat Ko Vinax [MAU S Kent K Vinax [MAU S Keu
[mM] b [h™) [mM] I ')
3,5-DTBC 0,22 1.6" 388 1.6 1.7 203
Dopamin_0.73 1.129 - 21" 0.19" -

Pozn.:® Vi [uM s '], v prostiedi acetonitrilu: * v prostiedi 0,1 M fosFatového pufru

Zavir
Tento prispévek nabizi srovnani katalytické aktivity studovanyeh komplexti médi v porovnani
5 enzymem Lyrosindzou.
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one order of magnitude higher than those reported in the literature for osmium and ruthenium
dipodal ihiol-based anchors
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Fig 1. Chemical structure of molecules Ru-tripod and Os-tripod (left). Representative cyclie
voltammogram of Ru-tripod and Os-tripod SAM on the gold bead eleetrode (right).

Experimental

Transition metal complexes Ru-tripod and Os-tripod were synthesized in the laboratory of Dr.
Validek in Germany, Ethanol (99.8%, molecular biology grade, AppliChem GmbH).
triethylamine (= 99.5%, BioUltra, Sigma Aldrich), ferrocene (98%a, Sigma Aldrich), nitric acid
(63%. p. a._ Lach-Ner). sulfuric acid (96%, p. a.. Lach-Ner). hydrogen peroxide (30%. p. a..
unstabilized) and argon gas (99.998%, Messer) were used as received. Tetrabutylammoniuin
hexafluorophosphate TBAPFs (= 99.9%, p. a. for eleetrochemical analysis, Sigma Aldrich) was
dried in the oven at 80 “C before use, Acetonitrile (99.8%, anhydrous, a Aldrich) was dricd
with activated sieves (0.3 nim, Lachema), and the alumina powder activated in the oven at 200
“C which was added to the electrochemical cell before the measurements. All glassware and
PTFE chambers were du;mcd by ho]]m{. 1 25% nitric acid and by repeated boiling in ultrapure
deionized water with a ma esistivily of 18,2 MC em and maximum TOC of 3 ppb
obtained by Milli-Q Integral 3 on system (Merck Millipore)

Tlectrochemical experiments were done in the electrochemical cell using a three-electrode
arrangement: gold bead working electrode. gold wi ary electrode., and Ag AgCl/IM LiCl
refer clectrode separated from the measuring solution by a deuble-fritted compartment
containing the supporting electrolyte solution only. Ferrocene was employed as an internal
standard. Cyelie voltammetry was used to determine the formation of the compact SAM for
cach compound using PGSTAT30 potentiostat (Metrohm, Switzerland). Scanning Tunneling
Microscopy (STM) was used for the determination of the current-voltage curves in the gold
substrate-SAM-gold tip arrangement. Atomic force microscopy (AFM) was used for the
structural characterization of the redox-active SAMs. Both STM and AFM experiments were
performed using Agilent 5500 Scan Probe Microscope (Agilent Technologies, USA).

SAMs were prepared by immersion of the gold bead electrodes into the 5+107* M solution of
studied compounds in absolute ethanol that was degassed by a stream of argon to remove any
traces of oxygen. thylamine (10% v/v) was added as a deprotecting agent and the electrodes
were incubated in the deposition solution overnight in a tight-sealed PTFE chambers at 60°C.
Physisorbed molecules were removed by copious rinsing with absolute ethanal.




Results and discussion

Fig. 1 (right} shows typieal c\:h ¢ mhsmmngmnw corresponding to reversible one electron
redox process of the [Ru(term)w ** or [Os(terpy)2]**™* couple in the adsorbed state. The peak
current for both oxidation and reduction process scales linearly with the scan rate. In our
previous work!” we have analvzed such voltammog by three independent methods to
obtain the surface concentrations of molecules in SAM as well as the electron transfer rate
constants (k7 = 1.4-10% s for Os-tripod SAM and £* = 1.6 10° 5! for Ru-tripod SAM)
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Fig. 2. Representative STM-based electrode-SAM-electrode arrangement (left) and
representalive current voltage curves (right) for Ru-tripod (gray) and Os-tripod (black) SAM.
Setpoint current was 1 nA and the feedback duration time was 1.04 s
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Fig. 3. AFM topography images of (A) Ru-tripod and (B) Os-tripod SAMs, image size
323 um. The panel below each image shows the height profile along the white line provided,
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In this contribution. we continued studies of the charge transport properties of these S AMs and
performed conductance measurements of Ru-tripod and Os-tripod SAMs using STM. Fig, 2
shows the electrode-molecule-substrate arrangement in the STM experiment (left) and
representative current-voltage curves (right) for cach SAM. Two different values of the setpoint
current have been used for the specification of the distance between the SAM and the gold tip
electrode, namely 1.0 nA and 0.5 nA. Each setpoint current value determines how close the
gold tip is with respect to the SAM surface. Even though both settings do not allow for contact-
mode measurements the higher the setpoint current the closer to the SAM surface the gold tip
is. The dependence is exponential. We have observed that in both cases the conductance value
was lower for Os-tripod SAM compared to Ru-tripod SAM. The current-voltage curves at
setpoint current 1.0 nA are shown in Fig. 2 (right), the conductance G is a reciprocal of the
resistance R, i.e. G=1/R =i/E,

Fig. 3 shows the AFM topography images of these SAMs with the height profiles obtained
along the lines indicated by a white line in the image. The main difference between the images
15 that the Os-tripod SAM has a small amount of physisorbed material deposited on the SAM

This observation may explain the fact that the first cyclic voltammogram of the Os-tripod SAM
has an unusual shape (not shown) and then the voltammograms are identical to the one shown
in Fig. 1 (right). Nevertheless. it has been confirmed that even after the electrochemical
pretreatment the areas under the cathodic or anodic peaks in Fig. 1 (right) are higher for Os-
tripod SAM compared 1o Ru-tripod SAM. Molecules in the Os-tripod SAM form more
compact layers with higher surface concentration.

Conclusion

We have studied the adsorption properties of Os-tripod and Ru-tripod molecules at the gold
electrode surface. The compact films were characterized by a combined AFM and STM
methodology in addition to clectrochemical charge transfer characterization in the adsorbed
state. It was confirmed that the charge transport (conductance) to Ru-tripod molecules in SAM
is easier compared to Os-tripod molecules in the s¢ sembled monolayers, This result is in
accord with the observation that the charge transfer (electron transfer rate constant) to a redox-

active [Ru(terpy):]** element is faster than to the [Os(terpy):]** center in the SAM.

Acknom ledgments

support by the Czech Science Foundation (21-134588) is gratefully acknowledged.
References
1. Albrecht T., Guekian A.. Ulstrup J, Vos I. G.: Nano Lett. 5, 1451 (2005).

2. Tuccitto N., Ferri V.. Cavazzini M., Quici S., Zhavnerko G.. Licciardello A., Rampi M. A
Nat. Mater. &, 41 (2009).

3. Sakamoto R.. Wu K. H., Matsuoka R., Maeda I1.. Nishihara I.: Chem. Soc. Rev. 44. 7698
(2015).

4. Davidson R., Al-Owaedi O. A Milan D. C.. Zeng Q.. Tory I, Hartl F.. Higgins S. J.
Nichols R. I, Lambert C. J., Low P. I.: Inorg. Chem. 55, 2691 (2016).

5. Ozawa H.. Baghernejad M., Al-Owaedi O Kaliginedi V.. Nagashima T.. Ferrer I.,
Wandlowski T., Garcia-Sudrez V. M., Broekmann P., Lambert C. 1. Haga M.: Chem. Eur.
J. 22, 12732 (2016)

6. Higgins S. I, Nichols R. J.: Polyhedron 140, 25 (2018).

7. Davis I. L, Peters B., Xi W.. Appel I, Kros A.. Aartsma T. J., Stan R., Canters G. W.: J.
Phys. Chem. Lett. 7, 1541 (2010).




=

Lindner M., Valasek M., Homberg J.. Edelmann K.. Gerhard L., Wulthekel W.. Fuhr O.,
Wachter T., Zharnikov M., Kolivoska V., Pospisil L., Mészdros G., Hromadova M., Mayor
M.: Chem. Eur. J. 22, 13218 (2016).

9. Hromadova M.. Kolivotka V., Sokolova R., Sebera I.. Mészdros G., Valasek M.. Mayor
M.: XXXVE Modern Electrochemical Methods, Jetfichovice, May 23™ — 27% 2016, Book
of Abstracts (Navritil T.. Schwarzovi. K., Fojta M. eds.) p. 78.

10. Kolivoska V., Sebera I, Lindner M., Valasek M., Mayor M., Mészaros G., Gasior I,
Hromadova M.: XXXVIL Modern Electrochemical Methods, JetFichovice, May 15% — 19",
2017, Jetfichovice, Book of Abstracts (Navritil T., Schwarzovd. K., Fojta M. eds.) p. 99.

11. Sebechlebska T.. Sebera )., Kolivoska V., Lindner M., Gasior 1., Mészdros G., Valdsek M..
Maver M., Hromadova M.: Electrochim. J\L‘ﬂ 238, 1191 (2017).

12. Kolivoska V., Sebechlebska T., § or I, Lindner M., Lukasek I, Valagek M.,
Mayor M., Mészdaros G., Hromadova M.: XXXVHL Modern Electrochemical Methods,
Jetfichovice, May 217 — 25" 2018, Jetfichovice, Book of Abstracts (Navrdtil T..
Schwarzova, K., Fojta M. eds.) p. 132

13. Hromadova M., Kolivoika V I, Sebechlebska T.. Gasior I, Novikova
Lachmanova 8., Mészaros G.. Lindner M., Mayor M., Valasek M. XXXLY. Modern
Electrocheniical Methods, JetFichovice, May 20M 24 2019, Jerrichovice, Book of
Abstracts (Navritil T., Schwarzovi, K., Fojla M. eds.) p. 96.

. Kolivoska V., Sebera J.. Sebechlebskd T.. Lindner M.. Gasior I, Mésziros G.. Mayor M.,
Valasek M., Hromadova M.: Chem. Commun. 55, 3351 (2019).

y $le'a J.. Lindner M.. Gasior I, Meszaros G.. Fuhr O.. Mayor M., Valisek M., Kolivogka

. Hromadova M.: Nanoscale /1, 12959 (2019).

3 Novr'\kuv:'l Lachmanova 8., Vavrek F.. Sebechlebski T., Sebera J.. Kolivogka V., Lukisek
1., Balzer N., Valigek M., Mayor M., Hromadova M.: XL Modern Electrochemical
Methods, Jetfichovice, November 8" — 12%, 2021, Jetiichovice, Book of Abstracts (Navratil
T.. Schwarzova. K., Fojta M. eds.) p. 188

17. Novikovd Lachmanovi 8., Vavrek F.. Sebechlebska T.. Kolivoska V., Valasek M..

Hromadova M.: Electrochim. Acta 384, 138302 (2021).

=

Iy

E













References

[RE-NVS

=0

Jena N, R.: thnﬂ-‘h}ﬂ[hem 23, e202100908 (2022),
Malyshev D. A, i K., Lavergne T., Chen T., Dai N., Foster J. M., Corréa I R.,
Rnnh.shng T. ¢ 309, 385 (2014).

Yang Z., Chen F Chamberlin 8. G., Benner S. A.: Angew Chem Int Ed Engl 49,
177 (20]])

., Hoshika S., Benner 8. A.: J Org Chem 79, 3194 (2014).
M.: Chem Rev 112, 3427 (2012).

Spagek 1., Danhel A.. Hason 8. Fojta M.: Electrochem commun 82, 34 (2017),
Hocek M., Fojta M.: Chem Soc Rev 40, 5802 (2011).

Spacek J., Fojta M.: Electrochim. Acta 364, 137298 (2020).

Trnkova L., Jelen F., Postbieglova 1.: Electroanalysis /3, 1529 (2003).

. Hordkova P., Maci¢kova-Cahovi IL, Pivonkova 11, Spagek J., Havran L., Hocek M.,

Fojta M.: Org Biomol Chem 2. 1366 (2011).

162



3-Aminobenzoic Acid Based Polymer as Scaffold for Electrochemical Recognition of
Synthetic Cathinones
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Abstract

3-Aminobenzoic acid electrochemically deposited (p3ABA) on the graphite electrode was used
as a selective laver for recognition of lone (synthetic cathinone). Changes
in the electrochemical properties of the p3ABA layer were monitored by electrochemical
impedance spectroscopy. Butylone binding influences the charge-transfer resistance of a redox
couple [Fe(CN)sJ"™" from luM upto 91 uM range. A comparison of the equilibrium
adsorption constants obtained for the p3ABA layer indicates its capability to discriminate
between butylone (secondary amine) and 2-aminoindane (primary amine). This discrimination
can be attributed to the combination of coulombic and hydrogen interactions that could be
offered by electrochemically oxidized 3ABA.

Keywords:  3-Aminobenzoic  acid,  Electrochemical — polymerization,  Electrochemical
impedance spectroscopy, Synthetic cathinones.

Introduction

Synthetic cathinones are derived from (8)-(-}-2-amino-1-phenylpropan-1-one (cathinone).
which is naturally found in the khat plant. C ption of these sub is associated with
positive stimulating efTy ch as increased energy, increased self-confidence, openness,

sociability and talkativeness, improved mood. and intensification of sensory experiences.
However, these positive effects can quickly be replaced by negative ones, such as anxiety.
paranoia, and psychosis !, Because the structure of cathinone can be modified fairly easily
through the amino group (R1, R2). the alkyl chain (R3), or the aromatic ring (R4) (Scheme 1A),
hundreds of its synthetic derivatives can be formed 2. The Furopean Monitoring Centre
for Diugs and Drug Addiction (EMCDDA) currently monitors more than 150 substances
derived from cathinone *. The rapid spread of synthetic cathinones on the drug market requires
the development of fast and reliable techniques for their monitoring. Liquid and gas
chromatography coupled with mass spectrometry belong among the laboratory technigues most
commonly used for synthetic cathinones analysis *. Recently, voltammetric techniques have
been proposed to monitor synthetic cathinones in both seized and biological samples *7
The working electrodes modified with a selective polymeric film play an important role in the
voltammetric analysis. The product of electrochemical oxidation of 3-aminobenzoic
acid (3ABA) may be suitable for electrode surface modification. The spectroscopic findings
have shown that the attachment of 3ABA to the electrode surface is realized through an amino
group similarly 1o the aniline  polymerizati with the formation
of oligomers (Suhal]h‘ 1B) % Moreover, the carboxylic group present in oligomers was not

cantly d: d. Therefore, und d carboxylic group that is capable to combine both
coulomhic and hydrogen interactions. might he used for hinding of synthetic cathinones.
Herein, the main aim is to investigate the interaction between 3ABA modified electrode surface
and butylone (Scheme 1A) and to show the recognizing properties of 3ABA in contrary
to the polyaniline (PANT) film,

163















B
9
10.
11.

12.

EMCDDA: European Drug Report 2021: Trends and Developments. Publications Office
of the European Union, Lusembourg 2021,

Coute R. A. 8., Gongalves L. M., Carvalho F., Redrigues J. A, Rodrigues C. M. P.,
Quinaz M. B.: Crit. Rev. Anal. Chem. 48, 372 (2018).

Couto R. A. 8., Mounssef B., Carvalho F., Rodrigues C. M. P., Braga A. A. C..

Aldous L., Gongalves L. M., Quinaz M. B.: Sens. Actuators, B 376, 128133 (2020).
Lima C. D., Couto R. A. Arantes L. C., Marinho P, A, Pimentel D, M., Quinaz M. B.,
da Silva R. A. B.. Richter E. M., Barbosa 8. L.. dos Santos W. T. P.: Electrochim. Acta
354136728 (2020),

Schram I, Parrilla M.. Sleegers N., Van Durme ., van den Berg J.. van Nuijs A. L. N.,
De Wael K.: Drug Test. Anal. 13, 1282 (2021).

Shishkanova T. V., Broncovi G., Némeckova 7., Vrkoslav V.. Kral V., Matejka P.:

J. Electroanal. Chem. 832, 321 (2019).

Heydari M. H.. Zebhi I, Farhadi K., Moghadam P. N.: Synth. Met. 220, 78 (2016),
Benyoucef uerta F., Vazquez J. L. Morallon E.: Eur. Polym. 1. 4], 843 (2005).
Afkhami A., Nematollahi D., Madrakian T., Khalafi L. Electrochim. Acta 50, 5633
(2005).

Thiemann C., Brett C. M. A.: Synth. Met. /23,1 (2001).

168



Detection of Selected Amino Acids using Electroanalytical Methods
(Detekee vybranych aminokyselin pomoci elektroanalytickych metod)
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Abstract

Since iron and substances that can interact negatively with iron are electroactive, such as several
neurotransmitters, these pathological changes can be very effectively demonstrated using
electrochemical methods that are highly sensitive, simple, and effective. Voltammetry methods
are most suitable for this purpose. especially oyelic voltammetry, but also differential pulse
\-‘0'1)"]]111\}11‘_\' OF square wave \.‘ull:uummr_\

Keywords: Iron, Amino acids, Neurodegenerative diseases, Voltammetric methods.
Introduction

Tron is one of the essential elements on Earth. This fact can also be reflected in iron deficiency-
related disease syndromes. such as anemic syndrome. The ability of iron to change its oxidation
state between ferrous and ferrous forms by receiving or transferring electrons is very important
for the proper functioning of the human body (hemoglobin). Due to this property. it must be
tightly regulated. as it can catalyze the formation of free radicals,

In the human brain, iron is the trace element with the highest concentration depending on the
individual areas, and therefore attention is currently being paid 1o the pathological effects of
iron present in the human body due to its potential role in the progression of neurodegenerative
diseases such as Parkinson's and Alzheimer's. These effects are very closely linked to
dysfunctional iron metabolism. whether in the form of ferritin or in other forms. as well as
dopa ch are able to interact negatively in the human body. Ultimately, these
phenomena can result in specific pathological abnormalities. such as the presence of iron
deposits in brain tissue. the onset and development of neurodegenerative diseases. or even
death,

ne, wh

Deposits of iron oxide minerals have been identified in the human brain of various individuals
in the form of single crystals of between 10 and 50 nm size: these were assigned as magnetite
(Fe304) and/or maghemite (g-Fe:0s). Such kinds of deposits have been investigated in det:
by electron microscopy in scanning and transimission mode. Massbauer spectroscopy, and
magnetometry, The size of single crystals varies from 10 1o 1,000 nm, and they contain
magnetite. maghemite. hematite (@-Fe;03). and other minerals such as polymorphs of FeOOTH.

The mechanism of the formation of the iron oxide deposits in the intracellular matter is
unknown so far: there are indications that they are associated with the dysfunction of the normal
metabolism of ferritin and dopamine. A ferritin globule contains approximately 4.500 atoms of
Fe(111) in the safe form of ferrihydrite,

Using reducing agents, dangerous soluble Fe(Il) ions are released. and these can initiate a
number of oxidative stress reactions resulting in irreversible damage.

169



Despite that, iron is essential for the proper functioning of the human. the body is becoming
increasingly clear that even a small increase in the concentration of iron in the brain can cause
a large number of disorders of the central nervous system, mostly in the nervous system age-
related links. as iron gradually accumulates in the brain with age. Dysfunction of ferritin
metabolism, which is the basic storage of iron in living organisms, either in the case of iron
intake or release, leads to the existence of free iron (IT). which can cause many neurological
pathologies. These negative effects are ofien associated with defective dopamine mechanisms
several oxidative intermediates are neurotoxic

Since both iron and substances that can interact negatively with iron are electroactive, such as
multiple newrotransmitters, these pathological changes can be demonstrated using
electrochemical methods that are highly sens imple, and effective,

A neurotransmitter is a chemical released from anerve ending at a synapse. It serves to transmit
the impulse through the synaptic cleft and thus allows the further spread of irritation (in the
nervous system) or the induction of a certain reaction (muscle contraction, emptying the gland).

Currently, 50-100 substances from different chemical groups are known to meet some or all of
the eriteria needed to be classified as neurotransmitters. One of the classifications classifies
neurotransmitters according to their affiliation to chemical groups (e.g. steroids. peptides,
amino acids, catecholamines, purines).

Voltammetry methods are most suitable for this purpose. especially cyelic voltammetry, but
also differential pulse voltammetry or square wave vollammelry.

Electroanalytical methods

Electrochemical methods may be used 15 a toal for monitoring and understanding the redo\
mechanisms that take place in organisms % They are simple, portable, and relatively cheap *.
ce many diseases are associated with dysfunction in proteins *, properties of electroactive
amino acids in their side chains (direct protein electrochemistry) are investigated.

In nature, 20 different amino acids (AMA}) a.re most commonly found in proteins and ior many
rs since work of Brabec and Mornstein * it as general knowledge that only
are ..¢lectroactive™ at the bare of carbon clectrodes: methionine (Met), cysteine (Cys). gl
(Gly). tyrosine (Tyr). tryptophan (Trp) and cystine (Cys-Cys). Surface treatment of the working
electrode helps to monitor the electroactivity of almost all proteinogenic amino acids. Success
in the electrochemical detection of AMA strongly depends on the working electrode material.
Detection of traditionally “nonelectroactive™ amino acids was demonstrated with a glassy
carbon electrode modified with single-wall carbon nanotubes °. incorporated copper
microparticles within the multi-wall catbon nanotubes within a mineral oil binder ', at the
carbon paste electrode modified with multiwall carbon nanotubes and copper(I) oxide *.

Alternative detection that avoids procedure of derivatization with electroactive reagents and the
use of chemical and/or enzyme modified electrodes is usage a plastic formed carbon working
electrode by means of voltametric reduction of 3,5-di-tert-butyl-1.2-benzoguinene coupled with
a concept of acid-hased back titration *
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Abstract

Ranitidine is a potent H2-receptor antagonist commonly used in treating duodenal and gastric
ulceration, gastroesophageal reflux disease, Zollinger-Ellison syndrome. and other discases
involving high gastric acid secretion, and due to the importance of ranitidine, several analytical
methods have been reported for its determination. A new electroanalytical method has been
developed for the determination of ranitidine in pharmaceutical products. This method is based
on the reduction of 2-methylfuran cation-product of the reaction of ranitidine with sodium
nitrite in 0.05 M Britton-Robinson buffer pH 2. whose sensitivity is based on the use of so
dodecylbenzenesulfonate (SDBS) as a surface modifier at glassy carbon paste electrodes
differential pulse voltammetry. At lower concentrations. sodium dodecylbenzenesulfonate
formed u negatively charged monolayer on the glassy carbon electrode surface because of
hydrophobic interactions of the hydrophobic chain of the surfactant and silicon oil of GCPL
The optimum voltammetric response was obtained when dropping ten pL. of SDBS 2 mM on
GCPE’s surface, The developed method is characterized by a wide linear range from 0.3 to 254
phL with a detection limit of 18.6 nM. The built platform is used 1o determine ranitidine in
pharmaceutical formulations with acceptable recovery, thus demonstrating the practical
application of this method in fundamental analysis.

Keywords: Ranitidine: Glassy Carbon Electrode. Surfactants, Voltammetrie determinat
Introduction

Ranitidine. known as one of the histamine 12 receptor antagonists. is widely used to treat
gastric ulcers, duodenal ulcers, gastroesophageal reflux disease, and gastric acidity,
accompanied by various effects of Zollinger-Ellison syndrome. However, ranitidine overdose
can cause severe hepatotoxicity as well as hepatitis . The need to quantify ranitidine was felt
based on these effects mentioned above. both positive and negative. Nowadays. numerous
methods  for determining  ranitidine are known, including high-performance  liquid
chromatography . fluoromets ¥ ! titrimetry *, etc.

Since the determinations with most of the methods mentioned earlier and others require quite
costly equipment and a long time of analysis, special attention has been paid to the
determination of these substances by electroanalytical methods, as fast. high sensitivity. and
low cost. In this study, the use of electrodes of various forms of carbon is successful in the
determination of ranitidine. the modification of the ¢lectrodes has been found to be quite
effective during the determinations, as well as the formation of the product between ranitidine
and sodium nitrite ®. To achieve a signal with the highest intensity and determination at lower
ranitidine concentrations, it was used the clectrode constructed with glassy carbon paste and
modified on the surface with sodivm dodecylbenzensulfant surfactant. The developed electrode
showed good sensitivity, low limit of detection, and high linearity toward the ranitidine +
sodium nitrite product
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Experimental

Ranitidine hydrochloride, sodium nitrite, boric acid, glacial acetic acid, 83% phosphoric acid,
disodium hydrogen phosphate. sodium dihydrogen phosphate. sodium dodecyl sulfate (SDS),
and dodecylbenzene sulfonate (SDBS) were purchased from Merck KGaA (Darmstadt,
Germany). Britton-Robinson buffer (BRB) solution of concentration 0.1 mol/L was prepared
by mixing phosphoric acid, glacial acetic acid, and boric acid. The desired pH was adjusted by
adding 0.2 mol/L sodium hydroxide. The aqueous solutions were prepared with deionized water
(18.3 MQ cm) obtained from Merck Millipore Milli-Q™ reference ultrapure water purification
system (Burlington, USA).

Glassy carbon powder of carhon particle size 10-20 pm, from HTW Hochtemperatur-
Werkstoffe GmblI (Thierhaupten, Germany) and silicon oil MV 8000 from Lufebni zivody
as. (Kolin, Czech Republic) were used to prepare the GCP,

Preparation of electrodes

A glassy carbon paste electrode (GCPE) is prepared by packing a glassy carbon paste in a
Teflon tube. pre-prepared with a mixture of glassy carbon (size 20-20 pm) silicone oil in
proportion 85% / 15%, This mixture was homogenized by mixing Tightly for 30 minutes and
after letting it stay for 24 hours. the paste was ready for use.

GCPE modified with SDBS (GCP + SDBS) - modification of the glassy carbon paste
electrode with SDBS as surfactant is achieved by dripping on the working electrode’s surface
10 uL of SDBS solution with a concentration of 2 mM.

Instrumentation

Voltammetric measurements were carried out utilizing potentiostat/ galvanostat from Palmsens
BV (Houten, The Netherlands) connected to a personal computer and controlled by
corresponding  software PSTrace 5.2, The electrochemical setup was posed of a
conventional electroc al glass cell with GCPE or GCPE+SDBS(working). Ag/AgCl with
a 3 mol/L salt bridge (reference). and a platinum wire (counter) electrode. The pll of prepared
BRBs was controlled with a pIl meter (model 781) from Metrohm (Herisau. Switzerland).

Results and Discussion

Aiming to develop a suitable senzor for the determination of ranitidine, we have tested the
possibility of using several types of carbon-based materials. Thus, we tested the sereen-printed
carhon electrode. the glassy carbon electrode. and the glassy carbon paste electrode, unmodified
and modified with SDBS, for their electrochemical response to the analyte. Based on the results
obtained. it is reasonable that the GCPE should continue to be used as the working electrode
and SDBS as its surface modifier when determining ranitidine. It has also experimented with
the determination of pure ranitidine and the colored product ranitidine + sodium nitrite. Also,
due to the higher intensity and smaller peak width. it was decided to work with the product
ranitidine + sodium nitrite.
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Conclusions

I'his research shows that the surfactant used for the electrode modification significantly
improves the electrode performance in determining ranitidine in interaction with sodium nitrite.
The electrode modification process is simple and the electrode thus developed has high
and reproducibility of results. The modified electrode shows better sensit s than
the unmodified one based on the increase in base current. Using this electrode enabled the
determination of ranitidine in tablets, and the method has good sensitivity with a detection limit
of 18.6 nM and linearity up to 254 uM. Based on the results obtained for the recovery test, it is
seen that the value of the relative standard deviation enables its quantitative determination and
the application of the method in the determination of ranitidine in real samples.
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This work deals with the electrochemical study of the interaction between urea-based receptor
electrochemically deposited on the platinum electrode surface and mandelic acid derivatives,
namely homovanillic acid (HVE) and vanillic acid (VMEK), as catecholamine metabolites.

Experimental part

Urea-based receptor was synthesized according to the procedure * starting from 3-
aminothiophene and methylene(diphenylene) diiosocyanate according to the general procedure.
The final product was obtained as a grey powder. in 87% vield. Homovanillic acid (HVA. 4-
hydroxy-3-metoxyphenylacetic acid) and vanillylmandelic acid (VMA, DL-4 hydroxy
id. 99 %) were purchased from TCI (Belgium) and Sigma-Aldrich (USA),
v. The m)rg.ﬂm, reagents and solvents used were of analytical grade and did not
need further purification unless otherwise specified (Lachema, Czech Republic). Double
distilled water was used throughout the experiment. Unless otherwise stated, a 0.1 mol. L'
phosphate buffer (pIl 7.2) was used for all the electrochemical measurements,

3

All electrochemical experiments were performed with a PGSTAT-12 potentiostat/galvanostat
supplied FRA 2 modules for impedance measurements (Eco-Chemie, The Netherlands).
The electrochemical measurements were carried out with a three-clectrode system. which has
platinum plate as the counter electrode, Ag/AgCl (3 mol.L " KCI) as the reference electrode
and platinum disc electrodes as the working electrodes.

The clectrochemical oxidation and deposition of receptor to the surface of working electrodes
was carried out using cyelic voltammetry technique. The bare working electrode was immersed
in 2mM reeeptor dissolved in mixture (ACN/DMSO + 0.05 mol.1. " TBA BF) and potential
scanned in range from 0.2 up fo + 1.9 V at a scan rate of S0mV s ', 5 cycles. The
electrochemical impedance spectroscopy (EIS) experiments were carried out under potential of
0 V. amplitude of 10 mV._ and in the frequency range of 100 kIz to 100 mIHz (50 points). The
EIS signal of the modified Pt disc electrodes was recorded in
SmM K3[Fe(CN)g] : Ka[Fe(CN)g] (1:1) with the addition of 0.05molL' KCl The
experimental Nyquist plots were fitied in the Noval 11 Autolab software. To eliminate
electrode-to-electrode variation in the background signal at evaluation of electrode sensitiv
the following equation was used:

EIS signal = (Ry -~ Ro)/ Ra) x 1000 (equation 1),

where R and 4y are the resistances to charge transfer (Ra) of the tested Pt-electrodes recorded
in the supporting electrolyte before and after adding of different concentrations of the tested
analytes. respectively. The concentration of the tested analytes was quantified based on the
value of R Additionally, the surface of the urea-modified electrodes was characterized using
infrared spectroscopic (IR} and scanning electron microscopy (SEM) techs

Results and Discussion

Application of the receptor for analyte in question recognition require its immobilization on an
electrode surface. An immobilization of a receptor may affect its binding properties. Therefore
it was primarily important to verify receptor-analyte binding on electrode surface and 1o
compare with data obtained in bulk phases. The electrochemical deposition of urea-derivative
was carried out using cyelic voltammetry on surface of both, grafite (C/Receptor) and platinum
(Pt/Receptor) electrodes, can be seen from Table I, a correspondence of affinity measured
in the bulk phase and phase boundary was observed. For the electrochemical measurements,
the urea-modified Pt electrode was chosen due to its relatively highest affinity to carboxylates.
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Table 11 EIS determination of V model and urea samples by the standard addition
method using platinum disc electrode coated with polymeric film derived from urea-based
receplor (n=3).

Sample Introduced, pmol. L ' Found, pmol. 1. 1 8¢

Model sample VMA/HVA(15/16) 16 £4 o1
Artificial urine (phosphate) 120 110 + 50 0.17
Artificial urine (without phosphate) 120 120 + 30 0.09

Because of phosphates are the main interfering anions in urine. the impedimetric determination
was carried out in the absence and the presence of phosphates. These results indicated that
phosphates interfere (8=0.17). The elimination of phosphates from the analyzed samples lead
to accuracy improvement (S~0.09).

Conclusion

Receptor based on sensing wea and polymerizable thiophene units were designed and
characterized hoth. as a monomer in solution and as polymeric film on electrode surface. The
experimental findings were i) electrochemically deposited polymeric film consisted of the well-
arranged micrometer-scaled structures formed in the polymeric film, if) attachment to the
electrode surface occurs through polymerizable thiophene units, #i7) practically important level
of VMA can be detected in the presence of its structural analog and artificial human urine. The
found principles of molecular recognition lead to an increase in the select of
electrochemical sensors,
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Abstract

Compounds based on 1. 10-phenanthroline (Phen) and their complexes are used in many fields,
such as a stabilizing agent in the synthesis of nanoparticles, catalysts in homogeneous catalysi
a senucondu\.tor n orgamc light- emm ng diodes (OLED) due to their coordination
ine and phenoth
units were aludled b_\ ele»tru»hel 3 voltammelry resulted in several
oxidation and reduction voltammetric peaks. Structure-activity relationship was investigated
using in situ spectroeletrochemistry,  spectrophotometry, infrared  spectroscopy  and
chromatography.

Keywords:  1.10-phenanthroline,  Electrochemistry,  Oxidation mechanism,  Reduction
hanism. pyrrolidine, phenothiazii

Introduction

Diamino-1,10-phenanthrolines are promising compounds for a broad range of applicatior

mostly due to their coordination abilities. They form complexes with metal cations as Fe®',
¥ Ir", Cu* or Re' 1. Derivatives of 4,7-dichloro-1,10-phenanthroline or their complexes

found their application in synthesis of compounds, where by chlorine atoms in the 1,10-

phenanthroline heterocyclic rings were substituied with various biologically activ

this case phenothiazine and pyrrolidine structures were selected . Reduction properties of

Phen are known in literature *

Electrochemical methods are increasingly used to study oxidation and reduction mechanisms
of new compounds %7, Tt allows to predict the possible processes of their oxidation or reduction
and to indicate further possible paths of their functionalization. Additionally.
spectroelectrochemical methods and electrolysis followed by HPLC-MS/MS identification of
products are efficient techniques for oxidation and reduction mechanism determination for
identification of final products. UV-Vis spectroclectrochemistry is used with advantage for
short living intermediates detection and for clucidation of the chemical reversibility of
electrolytic process. IR spectroclectrochemistry is helpful determining the electroactive site in
a molecule when rccnrdmg ..Imngu. of intensity of absorption bands attributed to specific
functional groups %19, Dy n of redox i can be performed on electrodes
integrated with advantage in 3D-printed electrochemical cells "%,

The aim of this contribution was to investigate the oxidation and reduction mechanism of 4.7-
di{pyrrolidine-1-y1)-1.10-phenanthrolines substituted with hydrogen (1a) or methyl (1b) at
positions 2 and 9, respectively. and 4,7-di{phenothiazine)-1,10-phenanthrolines substituted
with hydrogen (2), methyl (3) or fluorine (4)at position 5.
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Na obrazkn 2 jsou tvedeny piiklady snimkii ze skenovaci elektronové mikroskopie (SEM)
zachyeujici povech nemodifikované pracovni elektrody SP/BDDE senzoru (A) a vybranych
modifikovangch elektrod po fyzikalni depozici AuNPs (B-D). 7 obrazkfi je zrejms, )
pouzitych typd Au-SP/BDDE bylo pokryti nano&asticemi rovnomérné po celé plode elektrody.
Totez lze fict o elektrodach, jejichz modifikace probihala elektrochemickou depozici zlata z
roztoku (vysledky nejsou uvedeny).

SRTRY

/BDDE medifikovane
15 nm (15Au-

Obr. 2. SEM ziznamy povrchu nemodifikované SP/BDDE (A), ©
fyzikalni depoziel nanodasticemi o velikosti 5 nm (5Au-SP/BDDE
SP/BDDE, ) a poréznimi AuNPs (pAu-SP/BDDE, D).

Elektrochemicke vlastnosti testovanych senzorii byly studovany pomoci eyklicke voltametrie
(CV) redoxnich systémii [RuiNHs 61 a dopaminu (DA). Na obrazku 3 jsou uvedeny ziskané
valtametricke kitvky pro obé litky zaznamenané na klasické BDDE, SE/BDDE 1 viech typech
testovanych Au-SP/BDDE. Z obrazku je ziejmé, %e pfi praci s SPE senzory dodlo k posunu
potencialll naméfenych pikll smérem kméné poztivnim hodnotam oproti klasickému
uspofadini. Bylo experimentalng potvrzeno, #e tento posun je zplisoben pouitim tzv, quazi-
referentni elektrody. V pfipadé outer-sphere redoxniho markeru [Ru(NHs s> ziskany
velice podobné voltamegramy (Obr. 3A) svédeici o dobré reversibilité systému (tj. pomér
o1 oa rozdil potenciald anodického a

proudu (I,) anodického a katodického piku se b
katodickeho piku (AEp) se blizi teoretické hodnote 59 mV) pro viechny testované senzory.
RovnéZ vypoétené hodnoty zdinlivé rychlostni konstanty () byly velice podobné
(231107256107 em 57'), Viechny testované elektrody vykazuji dobré elektrochemické
vlastnosti a poskytuji dobfe opakovatelné reversibilni signaly pro Ru komplex. V pfipadé
dopaminu byly zaznamenany velké rozdily mez jednotlivymi typy senzom. Z obrizku 3B je
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Zavir

Voramei této price byly studovany elekirochemické vlasmosti a aplikaéni moZznosti nové
piipravencho tisténého senzoru s chemicky deponovanou BDDE modifikovanou zlat
nanoddsticemi. Bylo zjisténo. ze s vyjimkou pAu-SP/BDDE vykazuji viechny typy testovanych
senzorll lepsi elektrochemické vlastnosti nez nemodifikované elektrody. V dalsi i
pozomost zaméiena na konkrétni vyuziti modifikovanych BDDE pii analyze biologicky
aktivnich latek a latek vyznamnych z hlediska ochrany Zivotniho prostfedi. Predmétem
zkoumini bude rovnéz senzor modifikovany poréznimi nanotasticemi Au a moZnosti zlepdeni
ziskanych vysledki
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singletové Stépeni)
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Abstract

Recently, substantial attention has been paid to the search for suitable chromophores for singlet
fission. This photophysical effect promises to increase the maximum of theoretical efficiency
of solar cells. One type of candidates are derivatives of cibalackrot. Redox properties are critical
for their use. Our electrochemical work is focused on the study of oxidation and reduction of a
series of substituted cib ot derivatives using classic voltammetrie techniques and their
combination with i situ UV-vis and EPR spectroscopy. The results show the reversible
formation of the radical anion (cation) in the first reduction (oxidation) step enabling
determination of "electrochemical " HOMO-LUMO gap.

Keywords:  Cibalackrot.  Singlet  fission.  Reduction,  Oxidation, UV-vis. EPR.
Spectroelectrochemistry.

Uvod

V poslednich letech je vénovana velki pozomost zvveni Géinnosti solamich ¢linki. Jednou
z uvazovanych moznosti je vyuziti fotofyzikilniho procesu oznatovaného jako singlet fission
(ST), neboli §tépeni singletu . Jednd se o déj. v jehoz pribéhu jedna molekula v excitovaném
singletovém stavu predi polovinu své energie druhé. sousedni molekule v zikladnim stavu za
vzniku dvou tripletové excitovanych molekul 2, Takio se po separaci nabojii mohou generovat
z jednoho fotonu dva elektrony, coz predstavuje nadéjny smér pro zvyieni G¢innosti solamich
Clinkii. Tento efekt je laboratorné prokazan i teoreticky ovéten, ale k uvedeni do praxe dosud
chybi vhodny. dostateéné stabilni materidl. V sou¢asné dobé probihd syntéza a studium nékolik
typa chromoforit pro SF. Slibnymi kan y se ukizaly velké aromatické uhlovodiky
biradikaloidii napfiklad substituované difenylisobenzofurany * a cibalackroty, slou¢eniny
blizké indigu. kterym jsme se nové zaCali vénovat.

Molekula indiga je povazovina za hlavni pfiklad biradikiloidu s vhodnou singletovou

i acni i i’ idit na SF je ale vyiazen kvili
rychlému podlc¢hani fotochemické cis-trans izomeraci dvojné vazby a pienosu protonu z dusiku
na kyslik. Naopak primyslové uzivané barvivo cibalackrot odvozené od indiga by mohlo
predstavovat vhodného kandidita pro SF. Stejné jako indigo spliuje energetické podminky pro
ST a navic ma obé zminéné deaktivadni cesty blokoviny.

Pro pfipadné pouziti nového chromoforu v solamich &lancich je nezbytné studium redoxnich
vlastnosti v souvislosti s UV-vis a EPR spektry. S vyuZitim skuteCnosti. Ze urdity substituent
ma maly vliv na elektronové excitadni energic a pravdépodobné dalsi vlastnosti relevantni pro
Stépen gletu, vybrali jsme Fadu deriviti ub:ll ckrotu syntetizovanyeh pro pfipadné vyuziti
v praktickyeh upl hse struktumimi aspekty (Obr, 1) cilem
nalézt pravidlo pro ho chromoforu pro SF. Svoji pozornost jsme proto
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radikilu byl u wviech experimentii pouzity potenciostat PGSTATIOl (Autolab-Metrohm)
ovladany softwarem NOVA 1.11 Roztoky byly pfipravené z predsuseného DCM vybublaného
argonem a (.1 M BwNPFs predsuseného ve vakuu, Studované litky byly rozpuiténé
v koncentraci piiblizng 1x10° M.

EPR spektra byla za, ivdna pomoci X-pi ¢ho CW-ESR spektrometru Bruker EMNX
micro (Bruker, Germany) s pouzitim vysoce citlivého cylindrického rezondtoru Bruker
ER4119HS. Pro méfeni optimalizovani na citlivost byla pouzita modulace magnetického pole
o frekvenci 100 kHz. pro lepdi rozliseni byla tato frekvence ve specifickych piipadech (pro
Stépend spektra) snizena na 10 kHz i za cenu zhorSeni poméru signil/Sum. Hodnota g-faktoru
radikilové e byla vypoditina za pomoci externiho standartu BDPA a nisledné kalibrace
ky méfice magnetického pole. Pro zpracovini experimentalnich EPR spekter byl pouzity
Bruker Xenon a‘anebo EasySpin software *

Vysledky a diskuse

Pro elektrochemické studium byla powrita dvé rozpoustédia, abyehom poknvli co nejvétsi
potencialové okno a vyloucili pripadny viiv rozpoustédla. Dichlormethan (DCM) ma
pouzitelny rozsah +2.2 az -2.2 V a dimethylformamid (DMF) ma rozsah +1.8 az -29 V
(potencidly oproti SCE). Vedle toho je DMF diky své mimé zasaditosti velmi vhodny pro
redukce, protoze je potladena aktivita kationtih H' a meziprodukty radikdlovych aniontl jsou
stabilngjsi. Naopak pro oxidace je vhodngjsi DCM

Polarografie s kapajici rtutovou elektrodou a evklickd voltametrie na visici rtuto
diskové elektrodé ze skelného uhliku ukazala, ze viechny derivity jsou redukoviny v obou
rozpoustédlech a na obou elektrodich ve dvou reverzibilnich jednoelektronovych krocich.
Onidace techto slougenin probihd obeené také ve dvou reverzibilnich krocich. nicméne druha
oxidace vykazuje znamky reverzibility pouze pfi vysokvch rychlostech skenu — nejspise v
diisledku relativné rychlé nisledné reakee.

Visledky obou rozpousiadel a obou elekirod hyly velmi podobné, nicméng zatimeo oxidaéni
potencidly v DCM a DMF byly prakticky totozné., redukéni potencidly v DCM byly
systematicky o cca 210 mV ziporndjéi (Obr. 2).

20 15 10 05 00 -05 -10 -15 -20

ilau

20 15 16 05 00 -05 -10 -15 20

Obr. 2. Porovnani evklické voltametrie cibalackrotu § v DMF (kfivka a) a v DCM (kfivka b)
+ 0.1 M BusNPFs na glassy carbonu,
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orbitalu, ale zména hmotnosti je mali. Mize tedy dojit k malé zméné Stépicich konstant
nenahrazenych protonit na fenylu, ale zména $tépicich komstanl protonii na centralni
(imidazolové) Edsti molekuly je nulova & zanedbatelni.

Elektrochemickd oxidace vede k tvorbé stabilnich radikalovych kationt. Opét byl u nékterych
litek pozorovan niznak hyperjemného Stépeni. Ale u zidné z litek se nepodaiilo at
spektrum s rozlidenim umoziujicim analyzu HFS, Prekvapivé ale je, e viechny ziskané
radikilové kationty maji ponékud vyssi g-faktor. Pro radikdlové anionty je g = 2,0029 +/-
0.0001, kdezto pro radikilové kationty je g = 2,0040 +/- 0.0001. Rozdil je velmi maly, ale
zietelné vétsi, nez experimentilni chyba.

Lavér
S cilem nalezeni pravidla pro
riizné derivity cibalackrotu li

h nejslibngjsiho chromoforu pro SF byly nasyntetizovany
se substituci na fenvlovych Jfldh}ch a popsdny jejich redoxr
vlastnosti. Hlavni diraz byl kladen na induktivii/mezomerni/stericky vliv substituce na redoxni
viastnost L a stabilite, Ke studiv byly pouzity predeviim standartni
elekirochemické techniky (de-polarografie, cvklicka  voltametrie).  Elektrochemicky
generovany anion-, respektive Kation-radikal pozorovany v pribéhu prvnihe oxidatniho,
respeklive redukéniho kroku byl popsin s pomoci in situ 1 aEPR. Analyza anion-radikilu
se nakonec podafila s pomoci porovnini EPR spekter se spektry deuterovanych derivatii
cibalackrotu.

na reverzi

Pro pripadné vyuziti derivatli cibalackrotn pro SF viechny studované derivaty spliuji
Ini oxidaci a redukci. respektive tvorbu stabilniho kation- a anion-radikilu.
Nejslibngjgim kandiddtem pro ST se ukazuje cibalackrot s perfluorovanymi fenylovymi jadry,
Ktery md nejvetsi elekirochemicky HOMO-LUMO gap (rozdil prvniho oxidagniho a prvniho
redukéniho potencidlu).
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dimensions of vessels and the channel and depend on the conductivity of the sensing electrolyte
kel which, for aqueous 1 mol kg KCl equals 10.861 $ m (at 25 “C). For vessel dimensions as
selected in this work (see Experimental details) the Ry term equals 1o 1.15 . Importantly, low
values of Ry and Ry in comparison with [Ze values enable precise impedimetric se of
microchannel dimensions. Values of |Zee| plotted as a function of He are shown as circles in
Fig. 2B. Theoretical values of | Zean| caleulated based on nominal dimensions of vessels and the
channel are shown as the solid curve. The real channel width may be determined hased on
experimental | Zeey| values employing the relationship

Le/Ker H
 |Zeeul = 2Rt = Uw"'fu Hy W,
Values of W™ abtained for all five cells are presented as circles in Fig. 2C. All of them are
close 1o the nominal value (100 pm, shown as a solid black line), indicating that FDM 3DP is
capable of creating precise channels with truly microfluidic dimensions.

EXP _
W

Upon impedimetric characterization of microchannels. we further introduced liquid resin to
their interior, with the goal of mspeumgthelrslmpe Lpon hardening. the cross-sectional prohfe
of the resin was inspected by optical microscopic imaging, Fig. 2 shows repres i
of resin originating from channels with TT, of 200 (D). 300 (E). and 500 pm (F).
1o indi Iy printed layers (layer height of 50 pm) are seen. The width of cross-sectional
profiles is close to 100 pm and the height scales with the He value.

Conclusions

In this work, microfluidic channels integrated to measurement cells equipped with conductive
electrodes were manufactured by fused deposition modeling 3D printing. Cells were filled with
the sensing electrolyte and investigated by impedance spectroscopy measurements to determine
the real width of microchannels. Obtained values (70 to 95 pm) are very close to the nominal
value set in the computer-assisted design (100 pm). These findings were corroborated by the
results of optical microscopic imaging. Our work demonstrates that fused deposition modeling
3D printing is capable of forming precise channels with truly microfluidic dimensions.
Developed approaches will be wtilized in the construction of lab-on-a-chip devices for the
electrophoretic analysis of viruses ***, and reaction platforms for (spectrojelectrochemical
analysis of biologically relevant compounds 2™
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Graphite is the most commonly used electrode material for the research of redox proce;
Different types of graphite electrodes, such as glassy carbon elecirodes %,
graphite electrodes (SPGEs) “', pencil graphite electrodes®, and carbon paste electrodes * have
been used for insulin determination. Most published communications are focused on analytical
characterization of insulin without a detailed explanation of how the designed electrode wstem
works and which processes are behind the nano-bio material hybrid system
interactions between their components. The aim of this study is to refine the &
onthe electrochemical processes of insulin on graphite electrodes of various types and to clarify
the existing information on the relationship between the structure of insulin in solutions and its
electrochemical oxidat

screen-pi

Experimental

Chemicals and material

Human insulin, components for phosphate buffered saline (PBS) or phosphate-acetate buffer
(FAB)were purchased from Sigma-Aldrich (Germany). Polvmer pencil graphite electrodes
(pPeGEs) with the diameter of 0.5 mm and the HB sofiness were obtained from Tombow
(Japan), screen-printed graphite electrodes (SPCEs) were purchased from Metrohm,

Procedure

Voltammetric experiments were carried out using the electrochemical analyzer pAUTOLAB
TYPE HI (Metrohm, Switzerland). The conventional three electrode set-up was used:
pPeGE or SPCE as a working clectrode, the platinum wire as a counter electrode. and the
Ag/AgClI3M KCl as a reference electrode. CD Spectra were measured on the CD
spectrophotometer Jasco J-810 (Tokyo, Japan) with 0.1 ¢m quartz cuvelte al room
temperature (23 °C).

Results and discussion

From the electrochemical point of view. direct and efficient oxidation of insulin can play the
key role in construction of fast and sensitive electrochemical sensors of this hormone. Tt was
found that the oxidation process of insulin on bare graphite electrodes is limited by the very
slow electron transfer Kinetics. Due to this fact, various electrode surface modifications with
suitable catalysts reducing the value of the polarization overvoltage and allowing measuring
the oxidation signals in the potential window area of the treated electrode are applied ', To
¢ our idea to catalyze the direct oxidation process of insulin, the two types of surface
modifications of the graphite clectrode were chosen: the screen-printed carbon electrodes
(SPCEs) modified with bismuth oxide or carbon nanofibers (NF). The rosweep
voltammetric {1.SV) signals of human insulin on both nanostructured SPCE in different buffers
are shown in Fig. 2.

real

Oxidation processes on nanostructured electrodes with bismuth (BiNP) or carbon nanofibers
(CNF) reflect the conformational dynamics of insulin observed by circular dichroism spectra.
Both clectroanalytical parameters. such as the potential position (F,) of the oxidation peak and
its height (/). were investigated as a function of the insulin concentration, its native and/or
denatured states, pH. and buffer composition. All the obtained functional dependencies and
their comparisons, which were aided by the resulis of the BeSiSel method analysis '* and the
results of molecular dynamies from the protein database!’, provided new findings. such as: (a)
tyrosin with the loss of two electrons and two protons is responsible for the oxidation process
of insulin but with the difference that the electrochemical behavior of insulin on both
nanostructured screen printed electrodes (Bi-SPCE and CNF-SPCE) is different; (b) the effect
of pH and buffer composition (PBS and FAB) are reflected in both experimental approaches:
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Takto jednoduchi dprava vzorku umoznuje
i v malych objemech séra a MD v mno?st
zil. LOQ srovnatelného se standardnim

MD dostacujici a u séra je doplnéna centrifuga
provadét reprodukovatelni stanoveni AMX a €
15— 20 ul, a v piipadé potichy se miize j
HPLC/UV stanovenim AMX a CTZ se dosdhne zavedenim on-line stacking spojeného
s velkym davkovanim vzorku a doplnéného hydrodynamickym vytlatenim zbvtkové matrice
ven z kapilary. Vyvinuti technika nachizi praktické uplatnéni pro kontrolu vstupu AMX a CTZ,
2 krevniho obéhu do perifernich tkani dolni kon¢etiny u pacientd se syndromem DF a dile byla
pouZita pro monitorovani farmakokinetiky AMX a CTZ v krvi a podkozi DF.
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pomoei valtametrie nebylo dosud popsino, piestoze je tato metoda méng ndroéna a rychlejsi
nez klasické instrumentilni metody. proto se v nasi praci zamafujeme na jeji vyvoj

Experimentilni &ist

0,004 molarni standardni roztoky fluxapyroxadu a mefentriflikonazolu byvli pfipraveny
navazenim piislusného mnozstvi vyizolovanych produktu z piipravki Sercadis (AgroBio
Opava, sr.0.) a Revystar (BASF AG) resp., a jejich rozpuiténim v acetonitrilu &istoty p.a
(Penta). Isolace FPX a MFZ probihala nasledovng: 10 g komeréniho piipravku (Sercadis a
Revystar resp.) byly rozpustény v 200 ml CHCIs, organicki fize byla ndsledné v;
pomoci MgSOu, prefiltrovina a odpafena na vakuové rotacni odparce. Surovi smés byla
precisiéna pomoci preparativni flash chromatografie na pristroji Buchi Reveleris® X2 Flash
Chromatography vybaveném ELSD a UV/Vis detekiorem za pouziti mobilni Faze Hexan:Ethyl-
acetdt. Identita a Gistota vyizolovanych sloudenim byla potvrzena pomoci 'IL "F NMR
spektroskopie (Bruker AVANCE I1 500 MIHz), které jsou ve shodé s literaturou 3.

Jako slozka zikladniho elekirolytu byl pouZivin Britton-Robinsoniv pufi, piipraveny
smichanim kyselé (0,004 mol L™ roztoky H3BOs, HsPOs a CH:COOH) a alkalicke (0,2 mol L
' NaOH) slozky do dosazeni potiebného pH pod pH metrem MV 870 Pracitronic

Voltametrickd méfeni byla provadéna s vyuzitim potenciostatu PGSTAT 128N ((AUTOLAB.
Metrohm Autolab B.V. Utrecht, Nizozemsko) ovladaného softwarem NOVA 1.11) a tii-
clektrodového méficiho Elanku. Jako pracovni clektroda byla pouzivina borem dopovana
diamantovd elektroda BDDE (Windsor Scientific L'TD., aktivai povreh 7,07 mm®, vnitini
pramér 3 mm, odpor 0.075 © cm & pomérem B/C pii depozici 1000 ppm).
elektroda byla pouzi nasycend argentochloridova elektroda (Ag/ bLI I\LI (sat)),
pomoenou elektrodou slouzila platinova elektroda od firmy Monokrystaly, €
Zkoumani voltametrické povahy studovanych litek se providelo s wy
voltametrie (CV) (Epee = +600mV, Eiwe = +2200 mV) a jejich kvantitativni sl'mo\-em
s vyuzitim techniky diferenéni pulzni voltametric DPV (rozsah potencidli od +500 do +2200
mV, rychlost polarizace (v) 40 mV's, §itka pulsu 80 ms, moduliéni amplituda 50 mV).

Visledky a diskuse

Opird se na vysledky naSich dfi ich studii voltametrického chovini fluxapyroxadu a
mefentriflukonazolu, jako zdkladni elektrolyt pro stanoveni obou litek byl pouzit Britton-
Robinsoniv pufr s pH=9 v pfitomnosti 33% acetonitrilu. Také s vyuzitim voltametrie
bylo zjisténo. ze jak v pripadé fluxapyroxadu tak i v piipadé mefentriflukonazolu se jednd o
Kineticky fizeny ireverzibilni oxidazni proces,

Voltametrické piky fluxapyroxadu se nachizeji v rozmezi od +1300 do <1680 mV s maximem
v rozmezi od +1500 do +1530 mV. Na &tésti piky anodické oxidace mefentriflukonazolu jsou
umistény pii vice pozitivnich potencidlech nez piky fluxapyroxadu, zejména od +1560 do
+1900 mV s maximem pfi +1780 mV. coz znamena, Ze pi analyze jejich smési by nemél
vznikat problém. Také byly pro: v kvantitativni a reprodukovatelna stanoveni obou latek o
0. 2¢ jak pro FPX tak i pro MFZ se jednd o linedmi zavislosti
¥ i. Po vyhodnoceni vysledki téchio analyz byly vypodteny
hodnol\ mezi stanovitelnosti, tak naptiklad pro FPX o koncentraci 0,038 ugml (1 x 107 mol

71y byla dosazena mez stanovitelnosti LOQ = 0,011 ug/ml (2.88 x 10% mol 1), a pro MFZ o
kon:emran 002028 pg/ml (5.1 x 10-8 mol L') LOQ se rovnala 0009 pgml
(2.26.10% mol L),
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Zaver

Byla vyvinuta metoda  voltametrické  analyzy  modelovich smési  fluxapyroxadu a
mefentriflukonazolu s vyuzitim BDDE. Z vyhodnocenych vysledki mizeme usoudit, ze u
wvéech navienveh pomér se da spolehlive stanovit obé latky. Vyvinuta metoda je vhodna pro
VYUZILL v pra mi dobrou citlivost a pfesnost.
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Struktir molekil A a B v programe Spartan'08. Bola pozorovani vyssia hodnota Gy ulatky B
v porovnani s litkou A napriek nizsej afinite p-fenyléntioacetatu ku zlatu oproti 4-pyridil
Pokus o zmeranie molekulovej vodivosti deprotektovanyeh molekil litky B nebol uspes
s velkou pravdepodobnostou v désledku samovolnej oligomerizicie.
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na morfologické charakieristiky a distribiciu nanocastic palidia na povrchu BDDE. Neexistuji
ani informécie o G¢inkoch elektrolytického nanagania, ako je pouzitie pulzov.

Tito prica sa venuje &tudii pripravy (konétantny potencial vs. pulzny rezim) PANPs na BDDE
elektrodovom systéme s ciel'om moznosti vyuZitia takto modifikovaného senzora na analvzu
biologicky aktivnych litok.

Experimentilna ¢ast®

Pre tito &tadiu sa pouzili kombinované troj-clektrodové elektrochemické senzory (LM-
SP/BDDE) s @ 3 mm (7.07 mm’) pracovnou a pomoenou 2 BDD pripravenej €V procesom
a kvizi-referenénou elektrodou Ag/AgCl pouZitim screen-printing technikou a chloridiciou.
Rast BDD sa uskutoénil v LA MWCVD reaktore (Cube 300, Scia L1d., Chemnitz, Nemecko)
s pouZitim 6 kW mikrovinného v¥kenu pocas 30 h, pri teplote substratu 590 “C a tlaku 30 Pa
Koncentracia trimetylboratu (TMBT. Sigma-Aldrich, =99.0 %) bola zavedend do komory po
odpareni ako 1 % zmes s koncentraciou COz 0,2 % vzhl'adom na vodik. Vysledny B/C pomer
v plynnej zmesi TMBT/CO2/Hz bol 312 500 ppm.

Vietky  elektrochemické  merania  sa uskutocnili  pomocou  Autolab  PGSTAT204.
Voltampérometrické merania boli realizované pomocou tradiéného trojelektrodového systému,
ktory pozostival z pracovnej elektrédy BDDE, pomocnej elekirody — platiny. referenénej
elekirady - nasytengj chloridostriebornej elekirody.

Elektrochemicka modifikaciu BDD clektrody bola vykonavana pi hlosti 100 mV/s, kde
podiatoény potencidl bol 1500 mV, spinaci potencial -500 m oncovy potencial bol
1500 mV v I mM PdClz v elektrolyte 0.1 M H2804. Elektrodepozicia sa uskutoénila pomocou
dvoch roznych metod. Prvy polenciostaticky s pouzitim  konstaniného polencidlu  (izv.
konstantny rezim) Eaep— -200 mV, ¢as elektrolvzy bol 5, 10, 20 s. Druhd modifikatna technika
(tzv. pulzny rezim) sa pouzili katédové pulzy Fapic = -400 mV po dobu tag =1 8 a anddovych
pulzov Egpa = 400 mV po dobu fupa = 3 5. Takvchto pulzov bola 5. 10 a 20. Vyhodnotenie
modifikicie sa uskutotnilo meranim diferencidlneho pulzného voltampérogramu (DPV) 100
uM dopaminu v roztoku 0,1 M fosfatovéhe timivého roztoku s pH 7.44. Parametre DPV bali
podiatotny potencidl -300 mV, koncovy potencial 300 mV, amplitada modu +50 mV,
ryehlost’ polarizicie 50 mV/s. das moduldcie 50 ms.

Na spracovanie snimok z elektronového rastrovacicho mikroskopu SEM (JEOL, Japonsko)
a nasledné vyhodnotenie velkosti &astic a plochy obsadenosti PANPs bol pouzity open source
program Imagel 1.8.0.

Vysledky a diskusia
Na obrizku 1. je vidiet SEM snimky z povrehu mod

ovanyeh BDDE PANP pripravenych
antnom potenciostatickom rezime (obr.

it&uje len plocha deponovanyeh PANP
2 eca 10 % na 20 %. Priemend velkost ic (20-30 nm) sa om depozicie zdsadne
nemeni. V pripade pulzného rezimu (obr. 1d-f) dochddza k zmene velkosti a plochy obsadenia

PANP zisadnejiim sposobom. Pri piatich pulzoch je velkost” PANP dvoch typov. Prvy ty
~10 nm samostatné n1naé:|=tice a 30-50 nm klastre. Zvysovanim poétu pulzov (10 a 20p) sa

38 % pre $, m 20 puhm
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Elekirody ze skelného uhliku (GCE) jsou jedny 7 nejpouzivangjiich uhlikovych materiali na
bizi sp® hybridizovaného uhliku Popularita tohoto materidlu vyplyvi z jeho vvhodnyeh
vlastnosti. jako je chemicki a mechanicka stabilita neho pomémé Siroké potencidlové okno,
Dalii vyvhodou je. Ze je prakticky plynotésny s velmi malou pérovitosti povrchu a obsahuje
velmi mali mnozstvi nezidoucich necistot . K obnoveni povrchu elektrody ze skelného uhliku
se v dneini dobé nejvice vyuziva lesténi pomoci roztoku aluminy (Al20s) s ¢asticemi mensimi
nez piiblizne 0,05 pm. Vykon elektrody je ovliviiovan jednak zpisobem provedeni a jednak
materidlem, ktery se pro lestén{ pouzije. Ledténi je zavedeny postup aktivace elekirody a vede
ke zv¥seni rychlosti pienosu elektrond na povrchu elektrody Y

Elektrochemické metody jsou k detekei steroiddt pouziviny omezend vzhledem k nereaktivit
steroidniho skeletu ', Vtéto praci byla studovina moznost elekirochemické oxidace
Fytosterolt po chemické aktivaci steroidniho skeletu dehydrataci pomoci silné kyseliny, ktera
umoziuje  oxidaci ]m\ch steroid, napf. primdrnich Zludowvich kyselin ' nebo
T-dehydrocholesterolu 2

Experimentilni fast

Studovanymi litkami byly ergosterol. stigmasterol a fsitosterol. vie od firmy Sigma — Aldrich,
deklarovand minimdlni Cistota 95 %. Daldi chemikdlie byly, pokud neni uvedeno jinak.
analytické Sistoty: kyselina chlorista 70 % (Lach — Ner, Neratovice, CR; Sigma — Aldrich),
acetonitril pro HPLC (Sigma — Aldrich). alumina (Elektrochemické dllb;\lﬂ Turnov).
hydrogenfosforetnan  sodny 99% (Riedel de Haén), dihvdrogenfosforetnan  sodny
monohydrit 98,0-102,0% (Sigma — Aldrich). ledova kyselina octova (Carlo Erba reagents),
octan sodny 9% (Riedel — de Hasn), kyselina chlorovodikova 37% (Riedel — de Hasn),
hydroxid sodny 98% (Baker Analyzed),

Pro méfeni metodou diferenéni pulzni voltametrie (DPV) a cyklické voltametrie (CV) byly
pouzity potenciostaty Eko — Tribo se softwarem Polar-Pro verze 5.1, (EcoTrend Plus, Praha)
a Compactstate  mobile electrochemistry se softwarem IviumSoft verze 1.9 (Ivium
Technologies).

Jako pracovni elektroda byla pouZita elektroda ze skelného uhliku o priméru 2 mm
(1 =314 mm’, Metrohm, Svycarsko) aborem dopovand diamantovi elektroda a priiméru
3mm (4 =7.07mm?, Biologic Science Instrument, Francie). Télo elektrody ze skelného uhliku
Jjeze skla a elektroda z borem dopovaného diamantu je z teflonu. Jako referenéni elektroda byla
pouzita argentochloridovi elektroda (3 mol. 1" KCI) a jake pomocni elektroda byla pouzita
platinovi elektroda {obé elektrody Elektrochemické detektory, Turnowv).

Pro pfipravu pufrl o presné hodnoté pI byl pouzit kalibrovany Crison micropl 2001 pH metr
s Hamiltonovou elektrodou od firmy Galileo Equipos. Na piiprava 50 ml pufiu o daném pll
byly vzdy viechny slozky pufru rozpustény ve 40 ml deionizované vody. Na pH metru bylo
vzdy proméfeno pH daného pufiu a v pfipadé nutnosti upraveno na pozadovanou hodnotu
pomoci 1 moll! NaOH nebo 1 moll! HCL Timte zpiisohem byly piipraveny roztoky
fosfatového pufru o pil 7.0 a acetdtového pufu o pH 4,0 a 5.0 (viechny pufry ¢= 0,1 mol. "))

Pred kazdym méfenim byla pracovni elektroda ledténa na aluminé (Elektrochemické detektory.
Turnov) po dobu 30 sekund. Velikost &astic aluminy byla 0,5 pm. Jako zdkladni elektrolyt byla
pouzita kyselina chlorista v prostredi acetonitrilu o koncentraci 0,1 mol.1'. Méfeny objem byl
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