MODERNI
ELEKTROCHEMICKE
VMETODY

SBORNIK PREDNASEK







Best servis Usti nad Labem
Ustav fyzikalni chemie J. Heyrovského AV CR, v. v. i., Praha

Biofyzikalni ustav AV CR, v. v. i., Brno

UNESCO laborator elektrochemie Zivotniho prostredi,
Katedra analytické chemie,
Prirodovedecka fakulta Univerzity Karlovy, Praha

ﬁﬁﬁtﬁ;mm BFU lg,- ) e *ﬁ*;-}[

Sbornik pfednasek

mezinarodni odborné konference

XXXIX.
Moderni Elektrochemickeé Metody

Jetrichovice, 20. - 24, kvétna 2019

Usporadali:

Tomas Navratil, Miroslav Fojta a Karolina Schwarzova

ISBN 978-80-905221-7-6






Best servis Usti nad Labem

J. Heyrovsky Institute of Physical Chemistry
of the Gzech Academy of Sciences, Prague

Institute of Biophysics of the Czech Academy of Sciences, Brno

UNESCO Laboratory of Environmental Electrochemistry,
Department of Analytical Chemistry, Faculty of Science,
Charles University, Prague

@mpmsh Institute ’BP
of Physical Chemistry  —

{ FACULTY OF SCIENCE

Proceedings of the International Conference

Modern Electrochemical Methods
XXXIX

Jetfichovice, Czech Republic

May 20" - May 24", 2019

Editors:

Tomas Navratil, Miroslav Fojta, and Karclina Schwarzova

ISEN 978-80-905221-7-6



Podékovani partnerum konference
XXXIX. Moderni Elektrochemicke Metody

Ay PRIBRODOVEDECK A
¥}- FARULTA

L nivergita Karlova

ComArr

(F) fisher scientific

part of Therme Fisher Scientific

ECO-TREND PLUS s.r.0.
























svedei o Glastodnej inhibicii prenosu elektronu na O-terminovanych filmoch v dosledku mizse)
vodivosti oxidovaného povrchu. Po konverzii na O-BDD sa tiez prejavili vidsie rozdiely
medzi potencidlmi oxidacie m-krezolu v ramei BDD filmov aich zavislost' na koncemracii
boru, U CV sa rozsah hodndt £ pohybuje v intervale od +1,04 V (8000 ppm) do +1,20 V
(500 ppm), hodnoty [y z DPV scanov su v rozsahu od +1,09 V (8000 ppm) do +1,20 V (500
ppm) Tieto vysledky indikujn, 7e s rastocon uroviion dopovamia dochadza k zmzovanin
oxidaénych potencialov, tj oxidacia m-krezolu prebicha jednoduchsic na (-BIMD) filmoch
s vyssim pomerom B/C (4000 ppm a 8000 ppm). teda na filmoch majucich kovovy typ
vodivost. Na oxidovanom povrchu je tiez nipadné zvySovanie pradovei odozvy m-krezolu
s rastacim obsaliom boru,

¢ ]
1.2 | —— 300 ppm
— 1000 ppm
| —— 2000 ppm
—— 4000 ppm

0.4

nn nd nA 12 n.o . 0.5 . 1.0 L 1.5
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Obr. 1. DP voltamogramy 0,1 mmol-1 ! m-krezolu v BR pufti o pH 2,0 namerané na

planarnych He-1 O-terminovanyeh RDD himoch o rorne) nrovm dopovania borom (13 SO0 -

8000 ppm) Ciarkovane znazorneny zakladny elektrolyt

MNa poréznom H-BDD filme s B/C 4000 ppm bol pozorovany mierne nizsi oxidatny potencial
+1,01 V neZ na planamych BDD elekwrddach, ¢o mOZe stvisiel s adsorpciou m-krezolu na
porezny povich, Tiek je viditelny narast pradu pozadia, aviak vyika signalu m-kiezolu
tomuto narastu neodpoveda, pricinou moie byt obmedzena rychlost’ difuzie skumancho
polutantu k poréznemu , vnitru® elektrodoveho materialu' Pri pokuse anodicky oxidovat
porézny BDD doslo k odpadavaniu poréznych vrstiev z podkladu v dosledku tvorby bublinick
kyslika mechanicky poskodzujicich porézny elektrédovy material, ktory tak nie je moZné
anodicky aktivovar, a teda elektrochemicky &isut’.

Laver

Elektrochemicka oxidacia m-krezolu na planarnych B  elektradach je ovplyvnena
sposobom termindcie ich povrchu (H- vs. O-) i koncentriciou bormu U H-terminovanych
filmoch s B/C od 500 ppm do 8000 ppm boli pozorované mierne nizsie oxidacné potencidly
m-krezolu v porovnani 5 O-BDD, kioré ale nezaviseli na obsahu dopanw, obdobne hodnoty
potencialov boli dosiahnuté na celom sete H-BDD. Naopak, pri konverzin na oxidovany
povich sa prejavil rozdiel medzi polovodivymi filmamm (B/C 500 ppm az 2000 ppm)
a filmami s kovavym typom vodivosti (I3/C 4000 ppm a 8000 ppm). Na druhych menavanych
sa potencial piku odpovedajoci oxidacii m-krezolu posunul k negativnejiim hodnotim
a zaroven bol pozorovany jeho ndrast, pri¢inou oboch javov je vy3dia droven dopovania
borom, ktory v diamantovom filme predstavuje elektrochemicky aktivne miesta.
Elektiroanalyza m-krezolu bola prevedena i na poréznom H-BDD, aviak ofakavany efekt
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Fig. 1. Electronic band positions of TiO2 and BDD with respect to vacuum level and SHE *.

Experimental

Polycrystalline BDD layers were prepared by MW CVD . Before the BDD deposition, the n-
type silicon substrates were seeded in an ultrasonic bath ® insuspension of 50 mg
nanodiamond powder (diameter < 10 nm, CAS No. 7782 - 40 - 3, Sigma Aldrich) in 1 L of
demineralized water (18 MQ) for 40 minutes. The BDD layers with thickness of 1.5 um were
deposited for 60 hours in a CHas / H2 gas mixture with an addition of trimethylboron at process
pressure of 25 Pa. The substrate holder temperature 600 °C was monitored during the growth
process by an infrared pyrometer. The concentration of CHas in Hz was set up to 0.5 %. The
B/ C ratio in gas phase was set up to 10000 ppm. The surface nano-structuring was
performed by reactive ion etching in H2 + N2 gas atmosphere for 60 minutes and 200 W of
radio frequency (RF) power (PE-200, Plasma etch USA). Subsequently, BDD samples were
washed in NHs + H202 solution heated to 70 °C after etching to remove the amorphous phase.
TiOz2 thin films were then deposited onto all types of BDD layers by RF sputtering (LA 4408
by VON ARDENNE, Germany) employing a ceramic TiO: target (99.9% FHR Anlagenbau,
Germany) for 5 minutes ~ 100 nm at room temperature. During the process, the sputtering
power was kept at 200 W and argon flux was maintained at 80 sccm. To investigate the
influence of TiO:z layer thickness, the deposition time was set up to 25, 50 and 75 minutes in
order to achieve 0.5 um, 1 pm and 1.5 pm thick layer. After sputtering, the samples were
annealed at 500 °C in argon atmosphere for 4 hours. The BDD + TiO: samples were
investigated by scanning electron microscopy at 45° tilt and by Raman spectroscopy. The
photocurrent and dark current were measured by linear sweep voltammetry in the range from
0 to 2.5 V using a Biologic VSP potentiostat and a solar simulator with airmass (AM) 1.5
filter from LOT-Quantum Design GmbH (calibrated at 100 mW /cm? intensity at the
photoelectrode), which is equipped with a mechanical shutter. Three electrode configuration
was used, which consisted of BDD / TiO2 as working electrode, Ag / AgCl as the reference
electrode and Pt as the counter electrode in 0.5 M NaOH (pH ~13) aqueous solution.

Results and discussion

The BDD substrates overgrown with TiO: layer with different thicknesses were studied by
SEM (Fig. 2). In all cases, vertically oriented TiO2 grains were observed and despite
deposition onto the nanostructured diamond surface, no cavities between BDD and TiO: layer
were observed.
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Fig. 2. SEM images of cross-section of BDD layers overgrown by TiO:z layer with thickness
of a) 0.5 um, b) 1 um and ¢) 1.5 um.

Raman spectra confirmed the presence of anatase and rutile phase in case of all samples.
In Fig. 3, we can see the increase of anatase to rutile ratio with the increase of TiOz thickness.
We suppose that after the amorphous TiO2 crystallizes to anatase, by increasing the annealing
time the rutile phase ratio is increasing. Because thinner layers crystallize faster, the higher
amount of rutile should be present in case of thinner samples. This hypothesis is confirmed, as
we can see higher anatase to rutile ratio in case of thicker TiO2 samples. Fig. 4 shows the
linear sweep voltammograms of BDD / TiO: electrodes obtained in 0.5 M NaOH (pH 13)
aqueous solution. The phenomena of hole injection from BDD to TiO:2 layer was observed at
0.7V vs Ag/ AgCl for all samples. The best results after applied voltage >0.7 V were
observed in case of thicker samples (TiO2=1 and 1.5 pm). This is caused most probably
because of a higher light absorption in thicker sample. On the other hand, photocurrent
without applied voltage, where the effect of hole injection from BDD is not expected, is
highest in case of 0.5 um thick TiO2 sample (70 uA / cm?). Comparing the electrodes at 1 V
vs Ag/ AgCl, the electrode with the 0.5 pum TiO2 layer is comparable with a similar
BDD / TiOz electrode developed by Terashima et. al * and the electrode with 1 pm achieved
4-told higher photocurrent.

Conclusion

In this study we investigated the influence of TiO: thickness of BDD / TiOz electrodes on the
photocurrent generated by PEC process. For investigation, samples with TiO2 thickness of
0.5 pm, 1 pm and 1.5 pm were prepared by RF plasma sputtering. Hole injection from BDD
to TiOz layer was observed at 0.7 V vs Ag/ AgCl. The best results at applied voltage >0 V
were observed in case of thicker samples (TiOz2 = 1 and 1.5 pm), where the photocurrent was
up to 4x higher compared to similar published work. On the other hand, photocurrent without
applied voltage, where the effect of hole injection from BDD is not expected was highest in
the case of 500 nm thick TiO2 sample (70 uA / cm?). Measurement of repeatability did not
show any decrease of photocurrent or degradation of TiO2 layer.

Acknowledgement

This work was financially supported by the Slovak Research and Development Agency under
the contract No. APVV-16-0124 and by the grants of Slovak National Grant Agency No.
1/0558/17 and by the German Federal Ministry of Education and Research (BMBF) project
5K16SI1. The authors are also grateful for the support of the DAAD for funding the
cooperation.

16



<aman irtensity (8. W)

___'__L""‘\\
j‘--—"‘\r'“\_
-
H\L\ —
o 500 1000 1500

Raman shift (em’)

Fig. 3. Raman spectra of TiO: / BDD samples with different TiOz thickness,

N L T
TR, thicknds
o
(]
Fail 8 0
o e
E 15k . ‘.f' E
2 23k
= o} 3 §
= g L
g
L L]
48 L
u (] = (] - i s (] - u - (]
Qo L8] 1.0 16 20 2B

E (V) vs AgiagCl

Fig. 4. Linear sweep voltammograms ol TiOz / BDD samples wath diflerent TiOz thickness,

References

1.
.
3

4

Ty

Dybern B.: Ambio 3, 139 (1974),

Reddy M K., Manorama 8.V., Reddy A R.: Mater. Chem, Phys. 78, 084 (2003).

Raflietan D., Driessen R.T., Ogiegle W, Lammertink RGH.. ACS Appl. Mater.
Interfaces 7, 8727 (2015).

Terashima | Hishinuma R Roy N Sugivama Y | Latthe 55  Nakata K | Kondo T
Yuasa M | Fujishima A © ACS Appl Mater Interfaces &, 1583 (2016)

Cu J.. Zhao X.U.: Environ. 8ci. Technol. 42, 4934 (2008).

lzak T., Maron M., Varga M., Vojs M., Vesely M., Redhammer R.. Michalka M.,
Vacuum 84, 46 (2010).

17



Voltammetry of cholesterol and its precursor 7-dehydrocholesterol on boron doped
diamond clectrode
(Voltametrie cholesterolu a jeho precursoru 7-dehydrocholesterolu na borem dopované
diamantové elektrodé)

| enka Henedowa, Palina Yershova, and Karalina Schwarrova-Peckova
Charles University, Faculty of Science, Department of Analytical Chemistry, UNESU)
Laboratory of Environmental Electrochemistry, Albertov 6, 128 43, Prague 2,
Czech Republic, E-mail: benesoled@natur.cuni.cz

Abstract

In this study a novel approach for ssmultaneous determination of cholesterol and its precursor
7-dchydrocholesterol by differential pulse voltammetry on boron doped diamond clectrode
was developed. They are oxidizable in mixed media of acetonitrile and strong acid exhibiting
voltammetric peaks at potentials of ca +0.8 V and +1.1 V (7-dehydrocholesterol) and +1.45 V
(cholesterol) (vs. Ag/0.01 mol.l"" AgNO3/1 molI"" NaClOy). Detection limits in micromolar
concentration range were obtained for both compounds. DP voltammetry was applied on their
determination in milk cream atter hepud-hqud extrachon standard addition method

Key Words: Cholesterol. 7-Dehydrocholesterol. Differential pulse  voltammetry.
Electrochemical oxidation. Liquid-liquid extraction.

Uvod

Chaolesterol (obr 1A) je prekurzor sterondnich latek v orgamismu, napi Fludovych kyselin,
steroidnich hormont ncho vitamind. Je nedilnou soudasti vicch zivodidnych a rostlinnych
membran a je tudiZ nezbytny pro spravnou funkei metabolickych drah v Zivych organismech.
Jeho biosyntéza probiha v jaternich bunkach tzv. mevalonatovou dréhou, kde vychozi latkou
syntezy je acetyl-koenzym A, Poslednim krokem biosyntézy cholesterolu je pieména jeho
prekurzoru  7-dehydrocholesterolu (obr. 1b) enzymem 7-dehydrocholesterol reduktazou,
provarzena zamkem dvojné varby na (5 '

Obr. 1. Chemické struktury (A) cholesterolu a (B) 7-dehydrocholesterolu

Poruchy metabolismu cholesterolu se projevuji zvyfenim & snizenim hladiny cholesterolu a
jeho prekurzond v krvi, coz ma za nasledek wvanik zavainych onemocnéni. Napfiklad pii
zvyiene hladiné cholesteralu dochazi k jeho hromadém v cevach a vrmku aterosklerozy &
kardiovaskulamich onemoeném. Smizena hladina cholesteraln v krvi ukazje na poruchu
metabolismu enzymu 7-dehydrocholesterol reduktazy béhem posledniho kroku biosyntézy
cholesterolu, coz ma za nisledek zvvseni koncentrace 7-dehvdrocholesterolu a mozny vznik
Smith-Lemli-Opitzova syndromu (SLOS) poprvé popsaného vroce 1964 . SLOS je
autozomalné recesivin genelicke onemocnén vzmkajici béhem vyvoje plodu a gpusobujic
rizne stupné mentalniho a télesného postizeni * 4 7-dehydrocholesterol je dale prekurzorem
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The charge transfer cocfficient values were parallelly determined using differences between
peak potentials and potentials in the half of the peaks and finally also using Tafel slope
analysis. The values of charge transfer coefficients summarised in the Table 1 were
consequently used in caleulation of diffusion coeflicients of 2-IBA and 2-IsBA using Eq. 1.
Their values are again given in Table 1.
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Fig. 2. Pcak current density vs. square root of sweep rate. Approx. 5.0 107 mol dm iodine
compound in 0.2 mol dm™ HzSO4 on stationary BDD electrode. Potential swept from 0 V in
positive direction. Data corrected for background currents and uncompensated resistance of
the electrolyte. Points represent expenimental data, line was obtained by linear regression.
Peaks considered are given in the tigure caption

Tahle 1.

SI.III'III’IHI'}' of electrode reactions nnnlys'ﬁ. o is Ch&l‘gE ransfer coefficient, Z, is number of
electrons transferred within and up 10 rate determining step,
z overall number of elecirons transferred per molecule of substrate, /2 apparent diffusion
coellicient of specie,

Process 0z z D-10°
m's'

2-IBA—2-1sBA 0.55+0.03 2 1.0+0.1

2-IsBA — IBX 0.52+0.04 Z 1.1+0.2

Conclusion

Cyclic voltammogiams of a BDD electiode in agueous 0.2 mol HzSOs din' solution
containing 1BA implied that it could be oxidised in two 2-electron sequential steps to IsBA
and IBX. The first clectron transfer, i.c., formation of radical-cation or radical-anion,
appeared to be the rate-determining step for both reactions studied, with derived diffusion
cocfficients of ca. 1.1 - 1.24107 m* 57" at 298 K.
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Fig. 1. The current - time dependence of 0.49 mM luteolin during the chronoamperometry.
Initial potential was Fini = -0.05 V, the first potential step was £ = 0.3 V for 200 s, the second
potential step was £2 = 0.1 V [ur 200 5,

Luteolin reCOOH
2
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Fig. 2. Calibration of the spectroelectrochemical cell. Dependence of the total consumed
charge of luteolin (A ), Fe(lI)Fe(lll) couple (¢) and ferrocene carboxylic acid Fe/Fe' (@) on
concentration of oxadized compounds.

Lutealin-7-Q-glucoside absorption spectrum contains absorption bands at 205, 256, 268 and
353 nm, The oxidation is accompanied by a decrease of bands at 205. 268 and 353 nm, while
250 and 288 nm increase worether with broad band at 428 nm. The increase of 236 nm band is
accompanied by shzhi blue sinlt.

Lutcolin is characterized by the absorption bands at 211, 267 nm and 399 nm. During

oxidation these absorption bands deercase. The change is accompanied by an increase of 245
nm, 298 nm and broad 191 nm absorption bands (Fig. 3B). In both cases, the oxidation leads
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to the low molecular weight compound, the slow increase of the 298 nm absorption band
supports the formation of 3,4-dihydroxybenzoic acid (3,4 DHBA) *'7.

0.1}
A

Absorbance a. u,

Absorbtance a. w

0.0 L '
200 300 400 500 600
Al nm

Fig. 3. UV-Vis spectroelectrochemistry of A) 0.1 mM luteolin-7-0-Glucoside and B) 0.49
mM luteolin,

Conclusion

The calibration of the spectroclectrochemical cell was done for one-clectron oxidation
processes as well as for two-clectron oxidation of sclected polyphenols. The spectral changes
during the oxidation of luteolin-7-O-Glucoside and luteolin were compared. The identification
of products of oxidation will be the other stage of the research by means of complementary
analytical techniques HPLC-DAD and HPLC-ESI-MS/MS.
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Results and Discussion

Transparent ITO-AgAP system is convenient for spectro-electrochemical applications with
about 80% transparency and high electrode surface active area, Highly dense AgAPs with
mirror shine then may considerably reflect the light. Applicable potential window 1s however
limited by anodic dissolubion of AgAP (H11 V) and cathodic reduchon of underlying 1T0)
(=1 0V) what poses significant limitation Presence of the AgAP enhances the
electroreduction of NBF about 300 mV 1o less negative potentials and speedup its first order
electroreduction process about 20-times (at applied potential =400 mV, Tab. 1) in comparison
W bare ITO. Expenments with Quorescently labeled DNA revealed its preferential adsorption
al AgAP then on bare ITO, which 15 negatively charged as well as the sugar-phosphale
backbone of the DNA and thus mutual electrostatic repulsion occurs *

Utilization of the PGE for clectrodeposition of AgAP profits from broad potential window (%2
V) and ligh mechanical stability of the PGE. Since it is nontransparent material, the spectro-
electrochemical experiments had 1o be carried out in parallel orientation of the PGE towards a
passing through light beam. Voltammetric analysis of model organic nitrocompound, 4-
nitraphenal | revealed sigmificant shift of cathodic reduchon signal to less negative patential
ahout 300 mV, as well as the AgAP at 110 in case of NEF reduction. Further experiments
with spectro-electrochemistry (Fig. 1B) allow us to determine number of exchanged electrons,
reaction order and reduction rate constant (Tab. 1). Electrochemical reduction of 4-NP is
dbout 20-times laster at PGE-AgAP then at bwe PGE, Fluomescent microscopy of the
Nuorescenily labeled DNA and green Nuorescent protemn (GFP) reveled then prelerenual
adsorption on the AgAP then on bare PGI. Thank to catalytic hydrogen evolution reaction of
the GFP on AgAP, this protcin could be determined by constant current chronopotentiometry
at PGE-AgAP and opens broad application possibilities in protein analysis. Intrinsic redox
signals of the DNA could also be detected *.
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Fig 1. Linear straight hnes corresponding ta first reachon order of chronoamperometric
reduction of: A) NBF (20 pM in 02 M AcB pH 5.0) with applied potential: =400 mV at 1TQ
(a), =700 mV at ITO (b). =400 mV at ITO-AgAP (c) and =700 mV at ITO-AgAP (AgAP
were electrodeposited at 1TO by DPCA using £ =1.0V, 1 50ms, £ =01V and 72 30 min
from 0.01 M Au /Hu™" (30.6 w¥ae) in 0.1 M KNOg, and B) 4-NP (100 uM in 0.2 M AcB pH
5.0) by chronoamperometry with applied potential: =600 mV at PGE (a), =900 mV at PGE
(b), 600 mV at PGLE-AgAF (c) and 900 mV at PGE-AgAP (AgAFP were electradeposited at
PGE by DPCA using £ —1.25V, ti 50 ms, £> +0.4 V and - S min from 0.01 M Ag /Hg®
(30.6 wiag)in 0.1 M KNOs,

Tahle 1.
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Number of exchanged cleetrons (n), reaction order and reaction rate constants (k) obtained
from spectroelectrochemical study of the 20 uM NBF and 100 uM 4-NP in 0.2 M AcB pH
5.0. All experiments were done at laboratory temperature 25°C,

Electrode/ ! Reaction —
Applied polential Analyte £ order k/mol L™
ITO/ =400 mV NBF 0 ™ 1-10°°

T 700 mV NRBF 4 ™ 810"
TO-AgAlY =400 mV MNHF (5} 1 210
ITO-AgAP/ =700 mV NBF 8 ™ 110 ?

PGE/ ~600 mV 4-NP 0 ) 2:10°°

PGE/ =900 mV 4-NP 4 vy 410"
PGE-AyAP/ —600 mV 4-NP 4 1 410
PGE-AgAP/ 900mV  4-NP 4 I 710

Optical properties including plasmonic behavior of AgADl's were observed on the particle
ensembles clectrodeposited on 1TO. Obtained broad particle size distribution results in wide
range of multimodal plasmonic resonances occurred from the UV to mid infrared
wavelengths, Although sharp resonances are often necessary for applications on refractive
index sensing or light modulation, observed broadband resonances are indispensable in MIR
spectroscopy  sensing. Better understanding ta the nature of AgAP plasmomc resonance
maddes was supported by numencal simulations of dielectnie function of a bulk silver
amalgam, which was prepared by direct mixing of the metals in proper ratio. No optical
properties of the silver amalgam were reported up 1o date. This calculation was confirmed
experimentally, The dieleciric function of the bulk silver amalgam was measured by
spectioscopic elipsometry within UV 1o near-infiared (NIR) leguencies. Unforunately, the
MIR connected to micro-particles was out of the elipsometer spectral range and thus could not
be experimentally achieved by available instrumentation Therefore our attention was focused
on nano-particles (NPs, Fig. 2A) cxhibiting optical losses at UY/Vis wavclengths. Thier
scattering and extinction coefficients were verified by commercial Finite-Difference Time-
Domain (FDRD) method. Extinction efficiency was modeled for a set of silver amalgam NPs
(50 — 1000 nm) in vacuum with dielectric functions. Resulting spectra (Fig. 2B) revealed the
charactenstic red-shift dipolar resonances, as well as the higher-order multipolar resonances
at short wavelengths Smaller NPs oftered resonances of mgher quahty and strength in the
LUIVIVis spectral range Therefore, experiments on single-particle level was carried out by
EELS.

A) B)

— BEM
CELE

] ]
14 15 ¥} Fa. i s di 45

Energy (eV)
Fig.2. A) SEM image of a silver amalgam NP selected for the electron energy loss
probability spectra (LS} analysis and 13) Measured (red) and calculated by DEM (green)
EEL spectra of the same particle.









parametr byl proto pi‘izpﬁsubtn scparaénimu a nikoliv detckénimu kroku; pouzivano bylo
pH3. Za techto podminek byly naméfeny hydrodynamické voltamogramy obou latek
v anodické i katodickeé oblasti potenciald. V anodické oblasti je pozorovatelné zfetelnd Zirdi
potencialové okno nez v oblast katodické, umoZiujici rozvinout tvar voltametrickych vin
analyti, zatimco v katodické oblasti interferuje odezva analytu jiz s koncem potencialového
okna, pozorovatelny je rovnéz zvyieny dum, pravdépodobné souvisejicr se zhytkovym
ohsahem  kyslikn v mohilmi faz Zvoleny potencial pro dal§i méreni je +08 V.
respektive -0.8 V. Opakovatelnost méfeni je v pripadé obou analytii i oblasti potenciali pod
3 % (RSD, n=10).

Konceniralm gavislost jsou ineami pouze v oblast koncentraci pod 200 pmol/1, jak lze vidét
na Obr | Meze stanovitelnost jsou vyrazné vy3& v phipadé katodického detekéniho
potencialu, kdy dosahuji okolo 10 pmol/l, zatimeo v phipadé anodickcho stanovem klesaji az
na piiblizné 0,5 umol/l. Souhm parametri koncentraéni zdvislosti je uveden v Tabulee L.

Vyska piku [uA]

Koncentrace [umol 1]

Ohr. 1. Koncentraém zavislosh 2ZA4NP (étverec) a 4AZNP (kruh), ziskane pih detekémm
potencialu +0.8 V (piny symbol) a -0.8 V (prazdny symbol). Kolona Gemini 5 pym CI8 110
A. 150 x 4.6 mm, mobilni fize fosfato-acetdtovy pufr pH 3 : methanol (70:30, V/V). Linedrni
Casti zavislost je proloZzena pfimka.

Zavérem byla ovéiena moinost stanovit analyty v matrici modi. Zde se naopak vyhodné
uplatnila selektivita detekee v katodické oblasti potencialt — pfi anodické deteker bylo,
v dusledku interference s piky daldich latck, nutno modifikovat slozeni mobilni faze a
prodloudit analyzu, a ani potom nebyly interference zcela odstranény.

Tabulka 1.

Parametry koncentraénich zavislosti 2A4NP a 4A2NP piv anodické a katodické deteker.
Analyl 2A4NP 2A4NP 4A2NP 4A2NP
Detekéni potencial, V +0 8 08 +0.8 <08
Linearni dynanmicky rozsah, pmol/l | =200 5-200 1200 5-200
Smérmice, nA 027 =1.22 0,349 1143
Usek, nA 0.9 2,1 |4 -1.6
Korelacni koeficient 09970  -09943 0,9965 -0,9945
Mez detekce. umol/| 0,21 - 0,16 3.3
Mez stanovitelnosti, pmol/l 0,70 12,3 0,54 11,7
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Ag pscudoreference clectrode was determined with | mM solution of ferrocene in 0.1 M
supporting electrolyte.

Results and discussion

The optical spectrum of protoporphyrin IX and hematoporphynn in DMF are in Fig. 1A,
Spectra with a strong So—Sz Soret B-band at about 405 nm and four well-resolved So—5,
(}-bands in the spectral region S00-650 nm were observed. Cyclhic voltammaogram of 1 mM
solution of protoporphyrin IX in 01 M THA PFaisin Fig 1B The voltammagram indicates
that the changes were not reversible most probably due to residual water in DMF *.
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Fig. 1. A - Optical spectra of protoporphyrin IX and hematc_}purphyrin. B - Cyclic
voltammogram of 1mM protoporphyrin X in 0.1 M TBA PF¢ in DMF, scan rate 2 mV/s,

Optical spectra of porphynn ning strongly depend on electrome levels shilt dunng reduction
and oxidation processes. Observed changes are presented in Tig. 2. Reduction of
protoporphyrin ring started at about -0.6 V and the Soret band of m-anion radical was
gradually shifted to about 440 nm (Fig. 2A). At potentials below -1.7 V this red-shifted peak
disappeared and a new blue-shifted band at about 345 nm corresponding to dianion was
observed (Fig. 2B).
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Fig. 1. Structure of a G-tetrad with a monovalent cation M~ (a) and the studied G4 ligands
Hz-MA (b) and Cu-MA (c).

Experimental

The studied porphyrins were provided by the research group of Dr. Genevieve Pratviel
(Toulouse, France). As a base electrolyte for electrochemical measurements of the porphyrin
(i4 ligands Britton-Robinson (BR) buffer of various pH was used, prepared from a mixture of
acidic solution (0.04 mol 1 ' HiBOs, 0.04 mol 1 ' HiPOu, 0.04 moll ' CH:COOH) and
alkaline solution (0.2 mol 1" NaOH). For all measurements using adsorption transfer stripping
(AdTS), 0.05 mol I ' sodium phosphate with 0.3 mol "' ammonium formate buffer pH 6.9
was used. All chemicals were supplied by Sigma-Aldrich. Human telomere sequence (hut-T2,
(AGGGTTRAGGG) and  complementary  sequence  (hut-com, (CCCTAARCCCT)
oligonucleotides were purchased from Eurofins Genomics

All electrochemical measurements were carried out using potentiostat PGSTATIZ8N
controlled by software Nova 2.1 (both Metrohm Autolab) in a standard three electrode system
using HMDE as working electrode, Ag/AgCl/3M KCI reference electrode and platinum
auxiliary electrode, The measurements were performed by CV in a potential window
appropriate for each pll value with selected scan rate. AdTS of the porphyrins was performed
by adsorption of the analyte from S pl of sample for a selected time followed by CV (scan rate
I Vs!) in the potential range (0.00 V. -1.85 V). Measurements of interaction of
oligonucleotides with porphyrins were done by adsorption from 1 umol 1" oligonucleotide
solution for 3 minutes, resulting in full HMDE surface coverage, and CV measurement in a
solution of the porphyrin after a short incubation period (15 - 60 s).

Results and Discussion

The electrochemical behaviour of the G4 ligands H2-MA and Cu-MA was studied using CV
at HMDE in BR buffer within the pH range from 2.1 to 12.0 (Fig. 2.). Reduction of both
studied molecules offers analogous peaks 11, 111 and IV at specific pH intervals and a catalytic
peak Ik present at pH 12, Characteristic for Cu-MA is the peak I, attributed to the reduction of
Cu*" from the complex. Based on the pH dependency measurements, peaks I11 for 11:-MA and
I and 11l for Cu-MA were recognised as the hest developed and thus the most suitable for
further analytical applications. Similarly, BR buffer pH 5 was selected for following studies.
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To determine the diving forces controlling the electrode processes CV of both porphyrins was
recorded at increasing scan rates from 20 to 2000 mV s''. The process behind peak IlI
of H:-MA was determined to be diffusion controlled up to 500 mV s ' and adsorption
controlled at higher scan rates. In the case of Cu-MA, the peak Il corresponds to an
adsorption controlled process in the entire studied sean rate range and peak | corresponds to a
diffusion controlled process for scan rates from 20 mV s ' to 1000 mV s '. Because the scan
rate dependence studies have shown that the electrode processes of both G4 ligands are
allected by their adsorption oo the HMDE surface, AJTS technigue can be used for their
analysis. Tune of adsorption was optimised for both studied compounds in the range ol 10 -
300 seconds. Full HMDE surface coverage by Hz-MA was reached at 90 s but Cu-MA did not
saturate the surface even at 300 s, likely as a result of adsorption in several layers

Because of the casily analytically distinguishable peak 1 of Cu-MA, this ligand was selected
for studies of porphyrin interaction with hut-T2 and hut-com oligonucleotides. When the G4-
forming hut-T2 adsorbed on HMDE was incubated with the solution of Cu-MA, considerable,
concentration dependent peaks of the hgand were observed among the intrinsic peaks of
IINA Most notably, the pasition of peak 1 was shifted by approximately () 2 V towards mare
negative values, as a result of an interaction between the ligand and the G-quadruplex. With
the complementary hut-com oligonucleotide. the potential shift of peak 1 was still present,
suggesting that the DNA-ligand interaction is not entirely specific for G-guadruplexes.
However, substaniially lower peaks of the ligand were observed, which may offer a
possibility to distinguish between the oligonucleotide capable to form a G-guadruplex or not.

Conclusions

Basic clectrochemical properties of selected G-quadruplex ligands were determined by CV at
HMDE. Based on the discovered pH dependency of the analytes, optimal electrolyte pH and
peaks best suited lor analysis were determined. Because the studied electrode processes were
found out to be adsorption controlled, AdTS technique was employed and optimised for the
analyas of the hgands Interaction of the hgand Cu-MA with aligonucleahides of interest was
also studied The higand was observed to interact hoth with G-quadriplex and with single-
stranded oligonucleotide, but these interactions are well distinguished by signal intensity of
Cu-MA using proper imeraction time.
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Electrochemical Decolourization and Cleaning of Waste Water Containing Acid Blue 80

Libor Dusek and Gabriela Kuchtova
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Abstract

The aim of this work was to evaluate the possibility of bleaching effluents that contain
aminoantrachinone dye Acid Blue 80 by an indirect electrochemical oxidation in a single-
chamber laboratory elecuolyser. A suitable method [or momwnng the eMectiveness off
decolounzation of model wasiewater contaming Acid Blue 80 was UV-VIS speclroscopy.
The changes in bleaching velocity of model solution were measured during electrachemical
oxidation in dependence on the amount of auxiliary clectrolyte, which was NaClL
Furthermore, decolourization rate was observed dependently on the voltage and currem
density, which was constant during each measurement. The influence of initial pH on
decolourization rate was also assessed. The samples were taken al varous ime intervals
corresponding to chromacity change of electrolyzed solution. Methods as TOC, TN, COD,
and ADX were used for the analysis of samples

Key words: Acid Blue 80, Decolourization of wastewater. Indirect oxidation.

Introduction

Synihetic antragquinone dyes are widely used in vanous branches of the texule industry. Not
only can they cause a considerable change in water appearance ¢ g Imgl.”! of a dye is likely
to causc a visible colorization of water, but also some scrious health risks. As they usually
present aromatic compounds with high stability under the sunlight and resistance to microbial
attack, they are not degradable in conventional wastewater treatment plants. Therefore new
treatment approaches hike anodic oxidation are appealing'”. The aim of this study was to
investigate the decolounzation and degradation of the anthraquinonic dye Acid Blue 80
(molecular structure ot ARRD shown n Iag 1) by indirect electrooxidation in maodel
wastewaters in the presence of sodium chlonde with the use of 't anode and B anode

3 Ha’
HiC e ACHy

Fig. 1. Molecular structure of Acid Blue 80,

In this case a pollutant 1s attacked by an oxidizing agent generated in-situ by the anode. The
most commonly used oxidizing agent is chlonne Iowever, the formation of the different
chlorine -based active agents™ * is dependent on the temperature and also pH of the medium as
it is shown in Fig. 2.

The use of Pt anode leads to high decolounization efficiency, but with very low
decontamination, which is caused by a small quantity of hydroxyl radicals accumulated on its
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Table 1.

Parameters of AQS calibration straight lines measured by DPV at BDDE in Britton-Robinson
buffer pH 6. The electrode was polished before every first measurement in series of five
measurements with Al2Oa,

concentration, slope, intercept, corr. coett. LMY,
_pmolLt  nAL pmol nA o pmol L™
10=100 =7.02+0.30 -4 7179 0.9911] -
1-10 =527L025 —4 5L1.5 (198BS 3.2
Conclusions

The newly developed method proves the applicabiity of BDDE for the cathodic
determination of anthraquinone based compounds. Pre-treatment of boron bopped surface
seems to be a necessary step to received repeatable results
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Cathodic Yoltammetric Determination of a Nitro Substituted 1-Hydroxynaphthalene-2-
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Abstract

In this contribution a new voltammetric method for the determination of a novel antibactenal
agent I-h:,.'dmw}r-N-[-Lmrmphen}rI_}naphrhnEenm?-mmmnmmt 12 mtroduced Thig mmpmmd
18 determined at a glassy carbon cleetrode in dimethyl sulfoxide Foeus of this study 15 a
possibility of measuring very small volumes in a microcell and removing interference of
oxyeen in cathodic voltammerry either by altering microcell measuring protocols or by using
a method of square wave voltammetry,

Key words: lydroxynaphthalene-2-carboxanilide, glassy carbon electrode, microcell, non-
aqueous voltammetry.

Introduction

One of the development paths of analvtical methods 15 directed towards mimatunzation.
Voltammetric methods offer rapid, cheap, and sensitive methods that can be easily
miniatunzed. Electrochemical methods can be included into micro-analytical systems and
used for applications such as m-sifn analysis, point-of-care testing and they can he hult into
portable devices or lab-on-chip devices " ° Resulting lower consumption of samples,
reagents. and organic solvents is in an agreement with principles of green chemistry * . In the
last few vears several designs of electrochemical cells for measurements in very small
volumes were proposed 7 and this study is based on owr previously intoduced
electrochemical microcell 1%

1-Hydroxy-N-(4-nitrophenyl )naphthalene-2-carboxamide (HNN, Fig. 1) belongs to the group
of novel antimycobacterial agents prepared and investigated for their biological activities "',

OH Q

L

G.
oLy O

~FF

Fig. 1. Chemical structure of 1-hvdroxy-N-(4-nitrophenvl)naphthalene-2-carboxamide
(HNN).

Experimental
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Boron cluster compounds (BBC) arc synthetic species based on clectron rich, exact two-
center two-electron bonds, however boron cluster architecture 15 based on three center
twoelectron bonds *, Research on BCCs revealed that BCCs possess unique chemical, surface,
solution, stability, and also electrochemical properties, which all substantially differ from
naturally occurring compounds. Their biocompatibility and electroactivity makes them
candidates for new type of IINA electroactive tags

In this contribution will be show results of electrochemical swudy of Os(VIII).L reactivity 1o
DNA bearing alkyne or alkene moieties and Os(VI),L reactivity to DNA bearing cis-diols.
Next will be presented results obtained with DNA [unctionalized by BCC.

Experimental

Synthetic oligonucleotides (ONs) were purchased from Genen Biotech (Czech Republic).
TdT and T4 Polynucleotide kinase were purchased from New England Biolabs, KOD XL
DMA polymerase (Novagen, USA). Oxoosmium complexes modified DMNAs were analyzed at
PGE in combination with AJTS SWV. Samples were accumulated at the electiode surface
from 5 uL aliquots for 60 5. Then the electrode was nnsed by detomzed water, by ethanol,
followed by 30s washing in isopropanol. After it electrode was rinsed by ethanol and by water
and placed inta the electrochemical cell Instruments settings: AdTS SWV: PGE, Fy= -1 V|
Eend = 1 6V, amphtude 50 mV frequency 200 Hz, ta = 608 electrolyte: (1 2 M acetate huffer
(pH 5.0). All electrochemical measurements were performed at room temperature with an
Autolab analyzer (EcoChemie. Uwrecht. The Netherlands) connected to VA-Swand 663
(Mewurohm, Herisau, Switzerland) in three-elecirode sewp (Aw/AgCl/3M KCl elecirode as a
relerence and platinuwm wire as an auxihiary electiode).

Results and discussion
DMAs samples containing dA and dU bearing vinyl (V) or cthynyl (E) groups were prepared
by incorporation of corresponding nucleoside triphosphates (Fig. 1.).
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Fig. 1. Structures dl TP (a), dAYT (b); structures of Os(VIIT),bpy adducts with U (c), and
U*(d).

TdT tmling, PEX reaction, and PCR were used for this purpose. Expenments with ss DNA
revealed strong preference of the osmium reagent o V group. Reactivity to E group was
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significantly smaller. In the case of ds DNA prepared by PEX, a slight preference to dA"
compared to dUY was found. Reactivity 10 E group was almost negligible with a small
preference to dA", Contrary to results with the PEX products, in the case of these significantly
longer ds DNA molecules (350 bp) better developed voltammetne peak specific for adduct
(peak o) was obtained with PCR product containing dU". DNAs containing dA" produced
peak o at a potential very close to the peak potential of unbound (Os(VIII),bpy) reagent (peak
I). On the other hand, peak o of dU" containing PCR product was significamly shifted to
more negative values and easily distinguishable from peak 1.

Reactivity of Os(VI),pyndine (py) to DNA beaning cis-diols was tested on series of dsDDINAs
prepared hy incarporation of corresponding nucleaside triphasphates (Fig 2 ) naing PEX
reaction.

a) nLH\ b) E\H
CH
Hi > NH, o V,GH
: #

il .
o g o N

' &

OH
w5 S
- I j{"\,f w r' . - Czl—mé ‘!_ t!:l
0

Do I'I'I M

R E-:l

Fig. 2. Structures of dCPMATP (a), dC"MVTP (b), and dC™P'TP (c).

Resulting adducts were undergoing ligand exchange '° reaction. Py was exchange for M, N,
N’ N"tetramethylethylenediamine, which significantly stabilize these adducts. DNA
containing ¢ychc diol with extended linker (see Fig. 2.) showed significantly higher affinity to
Os(VI),py reagent than DNAs with “linear” diol moieties. This is probably due to locked
posthon of =0 groups in cyclic molecule mimicking situation 1in sugars molecules, which
are known as a good targets for reaction with Os(V1) 1. reagents

BCC bearing reactive azide functional group (8-Na(CH2CH20)(1.2-C2BoHieX1".2"-
C:BoH11)-3.3"-Co] Na) (Fig.3.) was conjugated o ds DNA bearing ethynyl moieties by
copper{D-catalyzed azide—alkyne cycloaddition - click reaction "' Elecuochenical pr vperlies
of prepared functionalised DNA were studied at PGLE. Both signals, due to oxidations of BCC
skeleton and due to reduction of Co atom were examined by differential pulse voltammetry
and square wave voltammetry.
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Fig. 3. Structure formula of 8-Ny(CH2CH20):(1,2-C2BoHio)(17,2-C:BoH 11)-3,3"-Co] Na.

Conclusions

In this contribution was demonstrated application of Os(VIII)Lbpy. Os(VI).py. and BCC in
DNA electroactive functionalisation. Reactivity of Os(VII.bpy 1o DNA bearing ethynyl or
vinyl as well as reactivity of Os(VID,py w DNA comaining cis-tiols was proved by
vollammetne techmgues al POE. Also was studied electrochemical behavior of DNA
decorated by BCC
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Obr. 2. Cyklicke voltamogramy ziskané na HMDE modifikovane adsorbovanou vrstvou
ODN (A) dTw nebho (B) dAsw (zobrazeno je vidy pét po sohé nasledujicich potencialovych
evklin)

Zivér

V nadi praci ukazujeme, ze je mokno pomoci CV na HMDE jednoduie sledovat specilickou
tvarbu kamplexii rtuti s thyminovymi zhytky v adsorbované vrstvé DNA aligonukleatidi
Tvorba téchto komplexa probiha nejen v homooligonukleotidu dTw, ale i v oligothyminovych
blocich uvniti sekvenci obsahujicich jiné baze. Vysledky této price naznaduji moznost vyuziti
tohoto plistupu k detekei a odhadu zastoupeni dT. Gsekl v DNA.
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concentration of chloride ions was equal to 10 mmol L™ or zero in the aqueous phase (w) or
the organic phase (o), respectively. The initial and subsequent concentration transients (CT)
for 1 and 10 mM TBACI or TPeACl in the aqueous phase are shown in Fig. 1. After the first
OCP measurement run, the interface was renewed with the help of the syringe connected o
the capillary.
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Fig. 1. The initial (1) and subsequent (2. 3. 4) concentration transiems of TBACI(w) and
TPe ACI(w). Leflt. 1 mM, nght. 10 mM. The ume zero does not comrespond (o creating or
renewing the hiquid/hgud interface, The nght axes show the open circut potential change.

The most striking cxperimental obscrvation is the remarkable deercase of the TAACI
concentration on the aqueous side of the imerface, which seems to exceed significantly the
limit of the ionic concentration of Cl" in the organic phase (0), ef Table 1 ¥, Obviously, a
mechanism 15 to be considered, which enables the extracted TAACI to be accumulated in the
organic phase in a neutral form, There is a significant difference between TBAC] and TPeAC]
C1's records shown in Fig. 1. Abter an abrupt imtial concentration decrease, the concentration
THACI(w) at the interface slowly returns to the bulk concentration of 1 or 10 mmal 17! the
concentration of 10 mM TPeACI(w) decreases further to the value of 6.3 mM in 600 5. The
subsequent CTs for TBACI display smaller and smaller concentration changes (records 2-4 in
Fig 1), which indicates that the exwraction of TBACI from the agueous phase o the organic
phase 1s slower than the dilTusion of TBACT lvom the agueous phase bulk (0 the interface. In
contrast to this behaviour, the transfer of 10 mM TPeACI to the organic phase i1s dominant
and exceeds its diffusion from the bulk of the aqueous phase In the case of | mM TPeACH,
the initial CT shows only a minor concentration change, while a concentration decrcase is
apparent from the subsequent CTs, ¢f. curves 2 and 3 in Fig. 1.

Analysis of the conceniration fransients
An analysis of the concentration transients can be based on the simphfied mechamsm of the
FAAC] transterred fraom water to the orgamie phase, which has heen proposed previonsly %
| 2 3
TAACHw.b) =TAACI(w.i) + H2O(w) 5 TAACI(0) + H20(0) 5 TAACLH20(w.0) (2)

where (w,b) denotes bulk of the agueous phase, (w.1) denotes the agueous side of the inter Gace
and (w,0) water clusters in the orgamic phase. In the step 1, TAAC] difTuses to the interface to
replemsh the amount & of TAACT extracted into the grganmic phase i the step 2. The amount
d 1s wenerally defined as the mtewal of the dilTusion Qux A0 with time as intexration
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variable. The diffusion flux J(¢) can be caleulated from the concentration difference between
the nitial (bulk) TAACI concentration -:'.}:'ﬂm and the concentration cfyaei(0, ¢) of TAACI on
the aqueous side of the interface, as inferred fvom a CT by using Eq, (3)

1(6) = DO/ (DO (3)

where 1= Crang) — Craaci(0.1) and 2 =9x10"" m?s’.

This approach was nsed to compare the me dependences of @ for all the TAALI electrolytes
extracted into the organic solvent phase in the first 100 5, ef Fig. 2, left As indicated above in
connection with the decrease of the TAACI concentration on the aqueous side of the interface,
these estimates yield the amount 2 which is much higher than the amount corresponding to
the equilibrium concentrations of TAA™ and Cl ions in the organic phase (o), ¢f. Table 1.

As 1t can be seen [rom Fie, 2, lefl, the amount of TAAC] extracted lhom the agueous w the
organic phase 1s higher for 10 mM TAACI than for 1| mM TAACI, as expected. On the other
hand, the amount of the salt extracted from 10 mM TBACI is higher than the amount of the
salt extracted from 1 mM TPeACH, ¢ven though the equilibrium concentrations of TAA™ and
Cl" in the organic phase for | mM TPeACI are 10 times higher. Such behavior indicates that
the extraction process is controlled by the diffusion of TAACH in the agueous phase. Indeed,
the plots of the values of @ from Fig. 2, nght, vs the square root of time 7 exhibit the linear
part crossing the ongin of coordinates being charactenstic for a difTusion controlled process,
except for the plot for 10 mM TPeACl Atter ca. 20 s these plots decline from the lineanty
pomnting to a kinetic ettect Tranuhon from the diffusion to the kinehe control can he
observed also on the CT 1 for 10 mM TBACI shown in Fig. 1. After 8 s from the beginning of
the CT, the decrease of e q(0.1) slows down and then stans to rise, indicating that the
ransfer of TBACI 1o the organic phase becomes slower than the diffusion of TBACI in the
aqueous phase This time was used in a comparison of the extracted amounts @ of TAACI in
the systems studied The values of @X¥) at = 8 s are summanzed in Table |
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Fig. 2. Left: The amount @ of TAACI cxtracted into the organic phasc in the first 100 s
cstimated as the integral of the diffusion flux J(¢) according to Eq. (3). Right: Plots of the
amount & of TAACI extracted into the organic phasc vs the square root of time 1.

The amount of water co-extracted from the aqueous phase can be estimated from the amount
of TAAC] extracted on assuming that the partition equilibrium holds between the dissolved
TAACI and TAAC] accumulated in the water clusters in the organic phase. The amount of
water required to form water clusters was then eshmated using the values ot the partihon
coefficients for TBACI and TPeACl, Pruaer = 438x10° and Preact — 884x107,
respectively ". The concentration of TAACI in the diffuse layer was calculated from the value
of ¢x8) ef Table 1. and the volume 15x10°" m’ of the diffuse laver in 8 s Estimated
concentrations E}":..m of TAACI in water clusters and the amount of water {in moles) needed
to form water elusters are also given in Table 1 It ean be seen that the amount of water in
water clusters H:O(w.0) is considerably higher than the amount of water dissolved in the
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Modification of Sereen Printed Electrodes using Spark Discharge
(Modifikace tisténych clektrod jiskrovym vybojem)

Jan Hibad *, Mamas |, Prodromidis ®, Mana G. Trachioti ®, Eleni I. Tzianni °, and Daniel Riman ¢
A Ustav Chemie, Masarykova Universita, Kamenice 5, 625 00 Brno, Czech Republic,
E-manl" jhrhaci@atlas ¢z
* Department of Chemistry, University of leannina, loannina 451 10, Greece
¢ Department of Analytical Chemistry, Palacky University, Faculty of Science. 17. listopadu 12,
771 46 Olomouc, Czech Republic,

Abstract

A novel way of electrode modification by electrical spark discharge allows simultaneous
activation of the target sensing clectrode and its madification by nanoparticles denved from the
source electrode involved in the sparking process. Automated procedure using the 3D sparking
affords dense coverage of the electrode by nanoparticles. The possibilities of the control of various
aspects of the sparking process which could lead to control of the extent of the subsirate electrode
surface activation and/or damage, nanoparticle size and coverage density control are outlined.

Key words: Electne discharge, Spark deposition, Metal electrodes, Sereen printed electrode

Usvod

Senzory pra stanoveni nejrizngjiich analyti dileritych v nejriznéjdich odvétvich primyslu a
vyzkumu &asto vyuzivaji clektrochemicke principy. Nové strategic modifikace levnych a
jednordzové pouzitelnych senzorovych substrati vyuZivajicich anorganické nanoldstice (napf.
kovové), které zabezpetuji odezvu na cilovy analyt jsou stile intenzivnd vyvijeny. Zhotoveni
senzoru na bazi nanodastic miZze byt pomémé komplikované a vyZzadoval celou fadu krokd, jako
napi. syntéza nanolastic, jejich purifikace, smichani s vhodnou matrici, naneseni na senzor,
teplotni stabihzacr apod. Specitickym problémem théténych senzori byva z elektrochemického
hlediska nephilis kvahtm pavreh, zpisobujici pamaly prenos nabhoje men povrehem elektrody a
elektroaktivnim analytem nebo modifikujici nanocastici. Protoze je obtizné tisténé elektrody lestit,
k aktivaci pred viasini modifikaci nanoCasticemi se pouzivaji elekirochemické postupy (vvstaveni
konstaninimu potencialu o dostateCne hodnot@ ve vhodném elekuolyiu, cyklovani potencialu mezi
dvéma kiajnuim hodootami ap.), chemicke postupy (napi. ponoient do oxidujicich smeési) nebo
pusobeni nizkoteplotni plasmy

Novy prstup zaloreny na vystaveni povrchu tisténe clektrody jiskrovemu vyhaoji nmoznuje
soucasnou aktivaci senzorového substritu a modifikaci povrchu nanoCasticemi. Modifikace
pomoci jiskrového vyboje je zaloZena na priblizeni elekurody z vodivého materidlu (kov. uhlik
apod.) k tsigne elekuodé az na vadalenost, pii ktere pieskodi jiskra. Pi modifikaci jsou zdiojova a
ustena elekbroda phipojeny K stejnosmémému  vysokému napéu 800-1200 V. Tolo napél je
dostateéne k piekonami dielektncke pevnostt vzduchu a vzmkla elektncka jiskra vypafi malé
mnozstvi materialu obou clektrod a prevede je do formy mikroplasmatu. Mikroplasma obsahujici
puvodni materidl elektrod, eventudlng prevedeny na oxidickou formu vlivem interakee s kyslikem
v atmosféte je prudce ochlazeno, plfitemZ vzniklé nanolastice jsou imobilizoviny na povrchu
usténe elektrody, Timto zpisobem byla zhotovena fada senzorh pracujicich na prekoncentraénim
principu, zaloZenych na tidténych elektrodach modifikovanych Bi ', Sn ? a Au ¥, umoZiujicich
stanaven kovovych ot mnml{\mvan}'nh 7 hledicka ﬂthmny Fivoiniho pms!‘iedi, f Ph*", Cd*",
n®', AMH apod | v soulado se snahami o nalezeni elektrodovych matenala, ktere by se svymi
viastnostmi vyrovnaly rnutovym elekiroddm, jejichz vyuziti je v souéasnosti omezovano
narizenimi EU. Na prikladu riboflavinu (vitamin B2). u néhoZz prekoncentrace umoznila dosiahnout
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sub-nanomoldrnich koncentraénich detckénich limitd_* bylo ukdzano, e bismutem modifikované
tisténé elektrody jsou wvyuzitelné jako alternativa nutovych elektrod téz pro stanoveni
redukovatelnych organickych latek. Kromé senzorli pracujicich na prekoncentraénim principu byl
jiskrovy vyboj vyuZit teZ pro plipravu funkénich senzoni. Tifténé elektrody ojiskiené Cu, Ni a
slitinami CuNi byly testovany jako neenzymatické glukosové senzory *, analyticky signal je
oviem dan vvhradné interaker plukosy s nanocashcenm, zatmco uhhkovy podklad k signalu
senzor neprispiva Daldim krokem hylo nalezem podminck, za kterveh by modifikace jiskroveho
vyboje vedla nejen k bifunkénim povrehim (1j. povrchu obsahujicimu jak uhlik, 1ak i nanoastice).
ale i k povrchim. u nich2 jsou vlastnosti dany jen nanoCasticemi. Tento cil je snadno dosaZitelny
v plipadé mikioelekuod z ublikového viakna diky jejich malé velikost ®. Nedavno jsme ukazali,
ze monofunktni povich lee vyrobit i u tsténych elektod, kde husté pokryti nanotasticenn bylo
dosazeno kontrolou rozmisténi vybojli pomoci 31 pozicionén ’

Experimentalni €ast

Au dratek (Alfa Aesar, 99.95%), nebo eutekticka slitina AuSi byly vyuZity jako zdrojové
elektrody. Tidténé elektrody byly zhotoveny na umversité v loanminé. Kyselina askorbova byla
zakoupena u firmy Sigma-Aldnch. Elektrochemicka méfeni byla provadéna pomoci pracovni
stanice Nanoamperel (L-Chem, CR) v béiném trielektrodovém zapajeni. lako reterentni elektroda
hyla ponnta Ag/AgCl M KUI (RESH, Hinanalytical Systems_ Ine ), hadnoty potenciali v textu
jsou udavany proti této elekirodé.

Vysledky a diskuse

Pres pnmi:&rm‘: rozsahlé zkusenosh ziskané ve ‘Lr}-l'ﬁ{‘_! ﬂ'r’ﬂﬂﬂﬂj'ﬂh shudiich znstava mnoho otizek
k feSeni. VeéSina praci byla provadéna primitivnim zplsobem, kdy elekiroda ze zdrojového
materidlu byla pfiblizovana k cilové elekwrod® ru¢né, az nastal vyboj a ojiskfena misia byla
roemsiéna pokud moino rovinoméne, 'V souCasnost byla proceduwa automatzovana pomoct 3D
pozicionéru (Obr. 1A), v prvomm kroku byl imitovan osvédéeny protokol, kdy zdrgjova elekiroda
Je k povrchu pfiblizena a po probéhnuti vyboje je zase oddalena

Obr. 1. A: 3D pozicionér, B: Série voltamogramu askorbdtu (1 mM, 100 mV/s) pro rizny podet
jisker pomoci protielekirody ze slitiny AuSi phi 1000 V.

Vyboje Lyly roanistény rovoomémé po povichu tsigne elekuody v rdznyeh vadalenostech.
Pilotni analyt {askorbat) poskytuje elektrochemicke odezvy jak na zlaté, tak 1 na SPE uhliku;
kvalita povrchu clektrody muze byt proto snadno sledovana v dusledku posunu potencialu CV
piku v dusledku clektrokatalytického cfektu nanoastic zlata (Obr. 1B). Strojové provedeni
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Fig. 2. Charge transport in mctal-molecule-metal junction for para connccted molecule A.
Junction geometry (left), individual log G/Go conductance-distance curves (middie) in the
absence (grey) and presence of molecule A (black), 1D conductance distance histogram

(right).

ngle malecnle conductance tor metal-molecole-metal Junction contaimng molecule H g
presented in Fig 3 together wath seleeted individual log GG conductance-distance curves
Graph on the I‘igh[ represents the 1D conductance hismgram constructed from all measured
conductance-distance curves. The most probable log G/Go value for molecule B is <58 £ 0.5
corresponding (o the metal-molecule-metal junction conliguration shown in Fig. 3 (left).
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Fig. 3. Charge wansport in metal-molecule-metal junction for mera connected molecule B.
Junction geomewry (left), individual log G/Go conductance-distance curves (middle) in the
absence (wiey) and presence of molecule B (black), 1D conductance-distance histogiam

{right).

Conductance histograms in Figs. 2 and 3 show higher count number (counts) for G
compared t0 Gpua, which would confirm that more stable geometry is observed for meta
connected molecule B, Higher conductance for molecule A is consistent with the
interpretation of the experimental results in terms of the quantum interference effect *'.

{ ‘oneluginns

We have studied two oligophenylene molecular wires that differ in their anchoring (meta
versus para) amachment via thiols to the gold substrate. By a combined experimental and
theoretical approach it was shown that mera substitution favors single molecule junction
foomation, bul oligophenylene  molecular wines  connected  this way  display  lower
conductance. The conductance value for molecule A 1s 0.20 nS and for molecule B it is
0.12 n§, respectively.
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Obr, 2. Voltametrické kiivky nnndické oxidace DMH v zavislosti na zvy3ujici sc koncentraci
vrozmezi 2,81 1988 ygmL ' Zikladni elektrolyt: BRB pH 9,01, Kiivka 0  zikladni
elektrolyt, thky 1 2,84 pg mL ' 2-569pgmL 3 -852pugmL ", 4-1136pgmL ", 5
~142ugml ' 6-1704 ygmL 'a7- 1988 pgmL .

Livér

Cilem o prace bylo nalézt vhodné experimentdlni podminky pro voltametricke stanoveni
rosthinneho rastoveho stimulatoru daminozidu, Bylo gpidténo, ze v hiteratuie opomijena kysela
hydrolvza, jaka prvmi krok analyzy, predstavuje vvhodny postup prevedenmt DM z jeho
clektrochemicky neaktivmi formy na formu oxidovatclnou (DMH). Kyscla hydrolyza je na
rozdil od alkalické snaze proveditelng a nevanika pii ni riziko vytékani vzniklych produku,
Pro samotné stanoveni byla vyuZita borem-dopovana diamantova elektroda jako sensor a
diferenéné-puleni voltametne, jejiz parametry byly optimalizovany pro dosazeni nejlepsi
cithvosti a opakovatelnych vysledkii, Aplikovatelnost navrieného postupu bude ovéien ph
analyze realnych vzorki.
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X-ray diffraction studics of the synthesized LizFe(SO4)/C composite were performed on a
PANMalytical Empyrean diffractometer using cobalt radiation with a wavelength of Co Ka A —
1.790307A. The morphology of the LizFe(S04)/C was investigated using scanning electron
microscopy (SEM) with the Tescan Mira 2 LMU scanning electron microscope (W-cathode,
10 kV). Computational modelling of crystal structures was performed according to the BVEL
method using the IDRVSMAPPER sottware  For the visnalization of crystal structures and
diffusion paths the VESTA software * package was used

The electrodes under study were prepared by mixing of 80 w% Li:Fe(SO402/C, 10 w%
acelylene black and 10 w% PVJF binder. The electolyte composition was | M LiPFes solution
in ethylene carbonate, dimethy] carbonaie (1.1, vol.). The electrode slurry was cast on the Al-
foil with a coating density of 5 mgem by «Dr DBlades technique The electrochemical
mecasurcments were performed in hermetically coin cells and pouch cclls containing the
clectrode under testing, lithium counter electrode and lithium reference electrode (in the
pouch cells only). Eling/P-45X potentiostat-galvanostat with FRA module (Elins, Russian
Federation) and Autolab/PGSTAT302N modular ligh-current potentiostat/galvanostat (ECO
CHEMIE, Netherlands) with a FRA frequency response analyzer were used for GITT and EIS
measurements  Neware/BTSTOVIOmA  (Neware 'I'mhnnlog}r Limited, (China)  and
Booster/LIZR 0 03-10 (Booster, Russian Federation) charge-discharge madules were utilized
for galvanostatic charge-discharge tests. The electrode potentials hereafter are given versus a
Li reference electrode in the same solution.

Results and discussion

In the implementation of the syntheses, a unified approach was implemented, which consisted
of a complex activation impact on the mixture of reagents, which contributed to obtaining the
desired products of the required composition and having the necessary struetural and
functional (electrochemical) characteristics. All the products obtained were subjected to X ray
diffraction analysis of the phase composition and, in some cases, structural charactenstics.
The most interesting for us was the LizFe(SO1)z phase, which has a monoclinic structure with
the space group P21/c. Presented i Iag 1 Xeray diffractogram of LizFe{5())2 indicates a
sigmbicant nimhber of erystalline impunty phases along with the target component

- LigFe(80,), [96.413.5951)

« Fi i8000 . FOD-014-0253
|+ LiFe Q. KH077 0007
B0 om0

& 0, iR
|- Li.Fe, 0, j00-037-1
R

Tntensity { arb. units

0 pL] an 58 o] NS
20/ degree
Fig. 1. X-ray dilTraction pattern of the sample LizFe(SO4)2. Main crystal component and
nunor impuniies are specified with corresponding PDF card numbers.

This can be of an irremovable nature, because of the fact that the synthesis rcactions are

reversible and an increase in temperature leads to a shift in equilibrium towards the starting
materials or intermediate products, and a decrease in temperature greatly slows down the
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approaching of this equilibrium. At the same time, we minimized the content of impuritics by
optimization of the synthetic procedure.

A typical energy landscape map for lithium ion diffusion in the Li2Fe(SOu)2 compound is
shown in Fig. 2.

Fig. 2. Lithium ion diffusion map in the Li2Fe($04)2 compound.

DifTusion occurs in one-dimensional channels along the ¢ axis. Each lithoum 1on can move in
twa directions, diffusion channels cross-section have dimension close to lithium ion diameter,
therefore the diffusion system of this matcrial can provide full and reversible intercalation /
deintercalation of lithium ions.

When considering cyclic veltammograms recorded ai a gradually increasing linear potential
sweep rate (Fig. 3), the extremely small displacement of peak potentials attracts attention.
This circumstance 18 very lucky, since it indicates a purely ditfusion control of the
intercalation process in this material, which simplifies the analysis of its kinetic behavior. In
this case. it is appropriate 10 use the modified Randles-Shevchik equation (1). which uses the
correcuon

i pAsem?
=

Fig. 3. Cyche voltammaograms of the Lizke(50) )2 electrode measured at a senes ot linear
potential sweep rates: / -0 1imV.g! 2-02mVg! 3-0Smvg! s 1mvig! 52
mV-.s' 6-SmV-'s' Insel shows anodic and cathodic falv) dEpEI’IdEI‘IE&E.

parameter 2 w0 take imo account the true activity of lithium ions in a solid stae and is
determined from the slope of the £:{c) dependence obtained by coulometrnic tutration, similar 1o
that considered in our previously published paper *

s o 212p3f2 g3 1/2
I, = 0.4463vY/ quﬂﬂy I:l}
2 ol

The estimation of the diffusion coefficient for the anodic process is 3 107" em? s, and for the
cathodic process is 210" em?- 5. Such a rather low diffusion cocfficient of lithium ions can
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Fig. 1. The complexity of various interactions making the cocktail effect

Experimental

The reaction mixture consisted from penconazole (Pen) tebuconazole (Teb), cyproconazole
(Cyp) and CuClz (all 2.5%10° M) in ethanol/water mixtures were studied using ESI-MS
(detailed methodology eg, *} The mass spectrometry studies were performed using a
quadrupole 1on-trap mass spectrometer (QI1, Finmgan 1O} Advantage, Thermolinmgan,
LISA) fitted with an electrospray ionization (ESI) source. The sample solutions were
continuously (0.5 mL h ') fed into the ion source through a silica capillary. Nitrogen was used
as the nebulizer gas. The operating conditions were set as follows; spray voliage: 4.5 kV,
capillary voltage. 20-35 V, wbe lens offset from 2 w0 10 V, heated capillary temperature.
250°C, sheath-gas {low rate and auxilhiary-gas flow rate. from 20 and 25 arbitrary units.

Results and discussion

Full MS scan of Teb, Cyp, Pen and CuCl: (Fig. 2) shows various products (Tab. 1). Copper
in the spectrum is present as Cu(l) only as well as Cu(ll). The reduction of Cu(ll) to Cu(l)
usually occurres during the electrospray process and it is influenced by the presence of
ligands (see, "> ®). Usually some signiticant amount of Cu(ll) in the presence of Cyp is
remained * The hmgher amount of Cu(ll) in complexes can be explained by higher number ot
ligands in copper complexes (the ratio of Cu'azoles is 1:3). It is known that the higher number
of ligands protects the Cu(ll) oxidation state of copper "

The spectrum can be divided inw three parts. First pant belongs 1o simple adducts of azoles
including its fragments (Table 1). Pen 1s present a protonated (PenH"), as its fragment alter
loss of one Cl (Pen*fr ) and as a adduct with Cu(l) Teb is present as adduct with Na® and
Cu(l) (TehNa', [TehCu)]'). Cyp is present as adduct with K’ and Cu(l) (CypK ', [CypCu])

Cyp adduct is not present alone, but in its complexes with Cu(ll) because of its high affinity
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Possibilitics of Simultancous Voltammetric Detection of Tocopherols in
Non-Aqueous Media
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Pardubice, Studentska S75 53210 Pardubice, Czech Repuhhic,
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Abstract

An electrochemical study on possibilities ol sunultaneous detection ol tocopherols based on
their anodic anidation at vanous electrode matenals in non-aqueous supporting electrolytes
was performed. Several working conditions, such as sclection of working clectrode,
supporting electrolyte, effect of surfactant, water content, and parameters of square-wave
voltammetry, were optimized. An overlapping of corresponding peaks of alpha-, gamma- and
delta- form. The El.‘.paraliun of oxidation signals was ilrlpmved al l.‘.-pl.imum working
conditions, but the signals were not completely resolved. However, it was found that this
phenomenon did not cause significant changes in peak currents for varous concentration
ratios of tocopherols, which could be possibly utilized in analytical applications

Key words: Tocopherols: Glassy carbon electrode; Square wave voltammerry: Food analysis.

Introduciion

Tocopherals (vitamin I, VII} are lipophilic phenolic antioxidants, naturally occurring in
vegetable oils, which arc widely used in pharmaccutical and cosmetic industrics 2. These
organi¢ compounds are known as vitamins that organism needs in small quantities for the
proper functioning of its metabolism. Hence, it 15 necessary to control their intake for dietary
purposes and to determine their content in foodstuffs. VE protect human body against cancer,
cataract and cardiovascular disease. Avitaminosis may cause circulatory disorders and alTects
the metabalism pathway in muscle 4 From chemical point of view, tocopherals are classitied
acearding to number of methyl gronps on chromanol ning contaimng an isoprenoid side chain
without double bonds (see Fig. 1) which is responsible for their lipofilic character '*.

: g P ,FI:I B a4 «/F“lj

ilv\flv‘\./l v'\/l::-’]$ :J- . Elwle‘v!v‘v{:t]:; ™

Fig.1. Chemical structure of a-tocophercl (a), P-tocopherol (b), y-tocopherol (¢) and
o-tocopherol (d).

Their simultaneous veltammetric determination have been reported only in few papers. In all
cases. an overlapping of the corresponding anodic peaks was observed *”. In 1973. McBride
and Evans used linear sweep voltammetry for the determination of the individual wcopherols
in vegelable vils dissolved in the mixture of ethanol and benzene *. Clough utilized square
wave voltammetry only for ther simultancous electrochemical detection n 1992
Unfortunately, wvoltammetric method for simultancous quantification of all forms of
tocopherols was not proposed. In 2001, Coatanca used differential pulse voltammetry of
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Jelikoz v prubéhu clektrochemické oxidace dochazi k pasivaci elektrodového povrchu, musel
byt tento aktivovdn leSténim mezi jednotlivymi skeny na obou elektrodach. Anodicka
aktivace in-sitn v méfeném roztoku, ktera je Casto vyuzZivana u BDD elekirod, se ukazala jako
nedostatetna. Voltametricka odezva stigmasterolu i f-sitosterolu je viditelna 1 v prostiedi
kyseliny sirove, ta se viak ukazala naprosto nevhodna pro ergosterol. V pritomnosti kyseliny
fosforeéné nejsou voltametrické odezvy fytosterolin dobfe vyvinuty. Voltametricka odezva
taktéz klesa s rostoucim obsahem vody v roztoku. Koncentraéni zavislosti byly proméreny
metodou diferenéni pulsni voltametrie. Niz3i limity detekce byly ziskany na borem dopované
diamantove elekirodé.
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Obr. 1. LS voltamogramy B-sitosterolu (¢ = 1:10 * mol.1 "), stigmasterolu (¢ = 1:10* mol.1 ")
a ergosterolu (¢ = 1410 * mol.l ') v 0,1 mol.l ' HCIO4 v prostiedi acetonitrilu s obsahem vody
0,43 % na borem dopovane diamantové elektrodé. Rychlost polanizace 100 mV.s', méfeno v
rozsahu 0 az +2 500 mV. Voltamogramy zaznamenany ihned po piipravé smisenim roztoku
jednotlivych fytosterolt s roztokem HCIO4,

Zivér

Vyée uvedené vysledky demonstruji moznost piimé elektrochemické oxidace fytosterolt po
jejich chemicke aktivaci v pritomnosti silne kyseliny a jsou motivaci pro daldi vyzkum v
oblasti vyuzitelnosti redoxni aktivity sterold pro elektroanalyzu. Pozornost bude vénovana
moznosti elektrochemické detekce v pritokovych metodach, napi. HPLC, kdy obsah vody
v systému bude ovliviiovat jak detekei, tak separaci studovanych fytosteroli. Jinym smérem
dalsiho vyvoje je studium mechanismu a identifikace produkti jak dehydrataénich, tak
elektrochemickych reakei.
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less than 3 — 4 min, enzyme docs not recover its activity and the current response of the
parallel measurements gradually decrcases. Increasing the flow rate from 0.01 to 0.20 mL

min~' increases the current response 1.87 times.

The dependence of the peak current on the injection velume (V) is approximately linear only
at low volumes (see Fig. 1B, curve 1) and then the increase of the current response gradually
diminishes. After injection, the analyte zone 1s expanded due to different flow rates of the
liquid in the centre of the capillary and at its wall At low Vigy values, analyte 1s extensively
diluted in the mobile phase and the current response corresponds to the concentration of
analyte within the wbular detector. The gradual increase of the injecting volume causes a
lower dilution raie of an analyte and thus an increase of the peak curmrent. Once an undiluted
unalyie is mside the TD, the peak will not increase anymore and the cunent response will be
hnted by the transport of analyte to the detector surface (by hiquid flow and by diffusion of
analyte which arc constant. It is logical that increasing injected volume results in peak
broadening (see Fig. 1A, C) and thus in the increascs of its arca (charge) (see Fig. 1B, curve
2). Therefore, when a maximum sensitivity is required, larger volumes of analyte should be
used and an evaluation of measurements should be bases on peak area. When increasing the
injection volume from 20 to 200 L, the peak current of BS increases 3.1 times and the peak
area (charge) 1001 times. The same hehavior of the current response was observed with other
enzymes and other analytes in a similar conbiguration of the flow system ’
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Fig. 1. Dependences of the peak current J;, (A, B), the peak charge O, (B), and the peak wadth
in the halfl height W2 (C) of dopamine on the injected volume V. Experimental conditions:
enzymatic mini-reactor Lac-MCM41 with Froaasr = 20.2 ul, mobile phase 100 mmeol L' AcB
with pH 4.8, Visj = 20 — 200 pL with 20 pL step; view = 0.1 mL min~"; Eai = 0 mV; fuan = 200
-300 &; ¢(dopamine) = 0.1 mmol L', N= 5,

Reactor volume (Veestee) 15 an important parameter that atfects measurement sensitivity, a
reactor hifetime, consumption of enzyme-coated powder, a hydradynamic resistance of a flow
system, ete The powder of Lac-MUM41 was used for gradually filling the reactor (PTFE tube
with /2 = 1.59 mm). Length of the powder column was measured and reactor volume was
calculated. In this work. the reactors with following volumes (lengths) were used: 5.02 uL
(2.5 mm), 8.00 uL (4.0 mm), 11.9 L (5.9 mm), 17.0 uL (8.4 mm), and 25.5 puL (12.6 mm).
The current response increases only o a reactor volume ol aboul 12 pl. Further wrowth ol
Freacor increases the reactor's enzymatic capacity, and hence its life time, hut also increases a
hydrodynamic resistance in the system.

Dependence of the peak current on analyie conceniration was measured in the concentration

range 0,004 — 0.50 mmol L' of dopamine, The linearity is lost at higher concentrations and
the linear section ended under the used conditions at dopamine concentration 0.2 mmol L™,
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kde (a) j¢ mnozstvi naadsorbovancho Diklofenaku na | g adsorbentu, (cacr) je rovnovaina
koncentrace Diklofenaku, (K, n, b, Q) jsou empirické konstanty pro dané podminky a (@) je
maximalni mnoZstvi adsorbatu.

Adsorpce Diklofenaku na samotny biochar odpovida Freundlichové izotermé (lineanta
ravislosh lag @ na log ) Jako Freundhichova izoterma byla vyhodnocena 1 adsorpee
Diklofenaku na biochar impregnovany smést Aliquatn 336 v henzalkonium  chloridu
Experimemtding zjistiené parametry Freunlichovy izotermy jsou uvedeny v Tabulce I
Adsorp&ni izotermy jsou na Obrazku 4,

Tabullka 1.

Expenmentalng zpifténe parametry adsorpénich izoterem.

Parametry - Freundlichova izoterma  Parametry - Lanegmuirova izoterma

Adsorbent K . s b = Rl .
Biochar 4.8.10"  0.538 0975 . k& 0,326
SHeNErvAIpel. 101 0,904 : s 0.082

330 v BzkoniumCl

Q
(o)

i -3
-
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=g—Bivchar = Biochar+BekoniumCleAliguat 336
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Obr, 4. Adsorpéni izotermy adsorpee 1e¢iva na biochar (vievo) a na biochar impregnovany smési
benzalkomum chlond + Aliguar 336 (vprava).
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was flame-anncaled according to the procedure reported by Kibler ef al. 4 For data analysis,
the WSxM 5.0 Develop 8.0 software was employed *.

Resulis and Discussion

In conventional STM, an ideally atomically sharp, conducting tip i1s brought close enough to
the sample’s surtace in order to allow electrons to tunnel between tip and surface With this
technique it is possible to access the clectronic morphology of a material Herchy, the
recorded l‘I.II'IIIE"Ilg current ﬂEDEI’iﬂS on several factors such as ﬁl]-Sﬂl'I'Il]lE distance. surface
electronic structure and wnneling medium. In electrochemical STM (EC-STM). the signal is
especially dependent on the wimeling medium represented by the elecuolyie, In general, the
sample potential can be set such that the reaciion can either lake place or 1s Inndered. Figure 1
compares these two situations

'\l..-n.t I-.M-ﬂ-"-r'h'

reaction

B mge g Bl gl g R

B o dd#-ﬂ-ﬁ#-ﬂ.-l‘-_--l.'-l-l‘--"-l'lll-

Fig. 1. Skeich of the EC-5TM noise measwrement. In the illustuation, active sites are colored
in gold, (a-b) In case the sample potential 1s set such that no reaction takes place, the detected
signal corresponds to conventional STM. The noise level is low irrespective of the position of
the tip which can cither be at non-active or active sites. (c-d) If the potential is s¢t such that a
reaction takes place, the signal is dependent on tip's location. Only when the tip is positioned
over active sites, a considerable increase in the noise level can be observed. Duning the
reaction species ad- and desorb at and from the surface. This leads to changing conditions of
the tunneling gap which intluences the tunneling barner. This vanation in the tunneling
harrier thus translates in the vanation of the detected signal which ean he seen as an increase
in the noise level.

As shown in Fig. 1(a-b). if the reaction is wmed off. the detected signal represenis the
murpholowy of the sample as in STM conducted 0 air o0 any other mediom, However, when
the reaction i1s twrned on, chemical species start (0 ad- and desorb on and from the surface.
This movement is especially prominent near active sites highlighted in gold. As shown in Fig
1(d), this change in the tunncling medium leads to an increased noisc level in the detected
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signal. Thus, by the detection of an increased noise level, active sites can be localized. Thus,
EC STM is an elegant way to determine the position of active sites ©.

Platinum-based matenals catalyzing the oxygen reduction reaction (ORR) are not only known
to be well performing but their activities are also highly dependent on crystal structure and
anentation 7 The here introduced method of noise FC-STM has a high potenhal of giving
experimental insights in structurc-activity relationships. The method's capabilities are shown
in the following 1aking the example of P1(111). Figure 2 (a-b) show ORR noise measurements
performed in alkaline medium. The date were taken from reference 8 and reprinted with
penmission. Comparing the situations whether the reaction is wumed on or olT, noise can be
clearly detected umbormly across the {111 }=lerraces. This 15 [urther nghhghted o line-scans
presented in Fig 2(b) The location of active sites at the {111 j=terraces is in agreement with
the obscrvation that the introduction of defects to the material will decrease its activity ”.
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Fig. 2. ORR noise measurements obtained on Pi(111) in (a-b) alkaline * and (c-d) acidic
media ®, (a,¢) depict the EC-STM picture. (b,d) show the conesponding line scans {or a belter
overview, Here, the red color corresponds to reaction on and blue 1o reaction off. When the
ORR is turned on in alkaline media, noise evolves uniformly across the samples’ surface. In
contrast, in acidic media, noise can be only detected near the step edge. Thus, active sites can
be located at the terrace and step edges in alkaline and acidic media, respectively.

By contrast, in acidic media, a higher noise level can be detected near the step edge rather
than at the terrace, as shown in Fig. 2(c-d). This is well in accordance with expenmental
trends reparting that expenmental ORR activity in acid increases with the surface step density
*19 A theaoretical framework reported by Calle-Vallejo ef al. explains that the oceurrence of
under-coordinated sites are responsible for this enhancement """

Conclusions

In this work we review the methodology of noise EC-5TM measurements. This method 1s
based on the dependence of the recorded STM signal on the tunneling bamer. Dunng a

141










K provadénym méfenim byly ddle vyuZity multimetr DT-9929 (CEM, Cinskd lidovd
republika), digitialni analytickeé vahy ME 2014 (Mettler Toledo, Svycarsko), magnetickeé
michadlo s ohievem MR Hei-Standard (Heidolph, SRN), konduktometr inoLab Cond 730
VWR (VWR International, USA), pH metr Accumet AB15 Basic (Flshe Scientific, USA) a
ICP-OFS Integra X1.2 (GRU, Australie)

Vysledky a diskuze

Provadénd méfeni poskvila vysledky, kieré ukazaly, 2e galvanostatické odstraftovani Zn z
rozioku probihalo nejiychleji na pocatku aplikace popsaného pracovnibo rezimu a jeho
rychlost s Casem klesala. Cim byla pouzita proudova husiota ¢ vysdi, tm byl tento elekt
vyrarnéj§i Dokumentuje to zavislost koncentrace ¢ Zn®’ na €ase £ na Obr |

1 mAun, 4y mdum’ |
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Obr. 1. Pokles koncentiace Zn resp, iontd Zn°° vylutovanych na Ti-katodé {(proti Pleanodé) v
ravislosti naCaser=0=5hod, i = 1,03 -2544 mA cm’?, k=4 434 70 mS e’ 1'=298 K

Zmény koncentrace Zn s casem lze piitom snadno podlozit odvozenou lincarni zavislosti mezi
log ¢ a ¢ pii i — konst. Napfiklad pro / = 1,03 mA.cm? bylo tak moino psat rov. (1)

loge = —(0,022 + 0,001) ¢t + (1,911 + 0,003) (1)
Odpovidajici zavislosti gravimetricky uréenych mno2stvi na katod@ vylouteného Zn ukazuji
prub&hy AZn v mg na ¢ na Obr. 2.
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Obr. 2. MnoZsivi vylouteného zinku AZn phi jeho elekurolyze na Ti-katodé (vs. Pl-anoda)
v zavislosti na éase r=0-5hod, 7= 1,03 - 2544 mA.cm™?, x = 4,434 70 mS.cm', T'= 208 K.

Chovani popisovaného systému dokresluje vynadeni vyrazu log[(20 — m)/m] prot &asu f ph
konstantmich ¢ (viz Obr 3) V ustalenem stava a bez mdivyeh viivin by hylo mozne oéckavat
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lincami pribchy téchto zavislosti. Jak z Obr. 3 vyplyva, ve skuteénosti odpovidaly této
piedstavé nejlépe podminky okolo / = 10 mA.em?,

*i=1,03
m -
- s mi-8.17
1.00 | & &1=16,33
Hty # & w =% 44
E 090 - a [ ]
T s
o W = ; L ] i -
“u ¥ | n
2 050 4 3 1 ]
t [hed)
NE R

Obr. 3, Zavislost log[(20 = m)/m] vs. 1 phi konstantnich i [mA.cm™], kde m = AZn [my].

Podobné vyneseni hodnot pll proti log 7 piv £ = konst. poskytla zavislost na Obr 4 | jepich
prihéh byl neglepe lineanzovatelny v okali 1= 3 hod

5.00 # 1 hodina
4.50 R?=0.9594 W 2 hodina
%. aoo M _ A 3 hodina
B O 4 hodina
3.50 # 5 hodina
100
240 il 1 i 1
0 0.5 1 15 e ! 2

Obr. 4. Zavislost pH elektrolyzovaneho roztoku 100 me L' ZnSO4 na log 7 phi 7 = konst,

llustruyi to jak bodave ravislosti na Obr 4, tak vrtah (2) odpovidajici prolofeni bodi pro £ =3
had

pH = —(0,711 + 0,060) logi + (3.387 + 0,066) (2)
Z Obr. 3 a 4 mj. vyplyva, ze napfiklad v oblasti kratkvch dob r elekwrolyzy mohlo hrit
relativné védi roli ustalovani procesi v blizkost elekirod i v rozioku pfi dlouhych Casech a
zejména 1 pin velkyeh proudovyeh hustotach mohlo dale dochazet k nauSovan deponované
vrstvy (az k jejimu plipadnému odlupovani) a patné soubéing i k zesilem parazitnich déji
nebao déji ovlivinjicich potencialové poméry na poufitych elektrodach (na katodé 1 anodé).

PHi interpretaci souvislosti mezi ménénymi a méfenymi velidinami lze mj. vyuit 7 obecny
vyraz (3) popf. jeho varianw pro katodické (4) nebo anodické (5) procesy, s rychlostni
konstantou k', & koeficientem pienosu niboje a a standardnim potencialem EP. Phtom je
treba pamatovat na to, Ze v realnych systémech, jako je nal, flo o smésné elektrodove procesy
s casové proménnymi koncentracemn a s potencialovymi rozdily oviiviiovanym dalSin
potencialovymi zménami, vyvolanymi napi zménam pH v akoh Pt-anody

i =nFk’ {"—'ax exp{ bl E¢]] Cred * €XP [{]-“}"F[E E“}]] (3)
iy = nFcoxk’ cxp[ S (E - B8 }] 4
ia = nFcreak’ - exp [T (6 — EQ) ()
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Fig. 1. Triazole fungicide, penconazole.

Experimental

The expenments were perflfonmed using yuadiupole won=trap mass spectometer (LCOQ
Advantage, Thermo Finnigan, USA) in positive mode. The stock solutions of penconazole
and ZnCl: (107 mol L) were prepared from solid standard (PESTANAL; Sigma Aldrich,
Czech Republic) and stored in a fridge until analysis. The penconazole stock solution was
stored no longer than two weeks to prevent its possible degradation. The samples were
prepared from the stock solutions at equimolar concentrations of all components (usually
5«10 mol L") in ethanol/deionized water (> 18.2 MQ) (1.1 v/v). The ethanol was purchased

from Penta s ra (Crech Republic)

The sample solutions were continuously fed into ion source at 0.5 mL h' through a silica
capillary. Nitrogen was used as a nebulizer gas and sweep/auxiliary-gas (8 to 15 arbitrary
units) and helium as the collision gas. Other conditions of ion source were set as follows;
spray voltage. 4,50 kV, capillary temperature. 250°C, capillary vollage 20 V, wbe lens ofTsel
oY

Mass spectra were recorded in mz 75-1500 range, appearance and fragmentation of complex
compounds were highly influenced by set capillary voltage and tube lens offset. Applying the
large voltages multicollisional activation in ion source regions leads to collision-induced
disgociation (CID) ',

Results and discussion

In the full mass spectra (m= 100-1050; Fig ), the first three peaks do not represent complex
compounds. A, B are the fragments of penconazole and C is the protonated penconazole with
m'z 159, 173, and 284, respectively (Table I).
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Obr. 1. Utinnost’ elektrochemickej degradicie CBM. DCF a TMP v odpadovej vode
s vyuzitim elekirody s parametrami 2% CH4/Hz2 10 000 ppm B/C.

B

Zu uCelom wenuhkacie degradatnych produkiov bola uskutoCnena optimalizacia kIacovych
parametrov pre HPLO-MS/MS analyzu (zlokeme mobilne) fazy, akumulainy &as a kolizna
cnergia). S vyu#itim optimalizovanych podmicnok bola moiné identifikovat’ nickolko

degradaénych a transformaénych produktov sledovanych licéiv v odpadovej vode.

Zaver

V tejto praci bol demonstrovany vplyv zlozenia BDD vrstvy na G&innost’ eliminacie lieciv
7 odpadovych vad Pn vietkveh testovanych elektrodach bola dosiahnuta vydia oéimnost’
degradacie hedv (a2 S9% CHM, 99% 1CF a 95% TMP) ne? je pnemerna néinnost’ ich
odstranovania v konvenénych COV. Vzhl'adom na to je tito technologia sfubnym rieSenim
problému kontamindcie vod. S ohladom na potencidlne rizikd vznikajucich degradaCnych a
ransformaénych produkiov a powreby ich identifikacie bola pouZita kombinacia wechnik
HPLC a HRMS, pomocou kiorej bolo mozne identifikoval nickolko  desradacnyeh
a transformacnych produktov vybranych liediv,

Pod'akovanic
Tato praca vznikla za finanénej podpory Agentury na podporu vyskumu a vyvoja (APVV-16-
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piipojeny k potenciostatu AUTOLAB PGSTATI01 of firmy Metrohm (Praha, CR), ktery byl
ovlddan prostfednictvim software NOVA 1.11.

Vysledky a diskuse

Jak je painé z niZe uvedenvch obrazk(. vSechna méfeni byla provadéna pomoci
amperometrie ve vsadkovem uspofadani, kde na zlawé elekirode byla sledovana redukee o-
chinonu dopaminu, Kiery vamk] piemeénou 2 dopaminu (substrat). Nejprve byla provedeno
méiem pit dvou koncentacich tyrosinaesy (10 4 20 p/ml) v 0,1 M [osfatoveém puliu pro rzne
koncentrace dopaminu (Obr. 1) a poté bylo méfeni provedeno s komplexem médi
(200 pg/ml) v methanolu v piitomnost 0,1 M LiClOs viz. obr. 2. Nasledné byly tyto
amperogramy vyhodnoceny pomoci analyzy Lineweaver—Burk plot vyjadiené rovmici 14 =
(Km / imax) (1e) + Vimax) "' Ze ziskanych kiivek (obr. 1 a 2 - vpravo) byly vypocitany
parametry Kw 0 Vi, kde prvni parametr lze ziskat 2z pruscéiku s osou x, zatimeo druhy z
useku na ose y jak je naznadeno u obr, 1,

. 20 4
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Obr. 1. Ukdzka amperogramu (vlevo) s pridavky dopaminu 10-120 uM v pritomnosti
tyrosindzy (10 pg/ml — &ema a 20 pg/ml - &ervena krivka); E= -0.1 V vs. Ag/AgCl, 0,1M
PBS; Lineweaver Burk plot (vpravo).

Na zikladeé teorie byly vwhodnoceny hodnoty K« pro dvé koncentrace tyrosindzy (viz. obr.1).
Pro niz8i koncentraci enzymu vychazi hodnota Km 5.2.10" M zatimco pro vy&si koncentraci
e W 53,107 M, coz koresponduje s hodnotami uvedenymi v liweratuie (0.5 <14 mM) ',
Daldim experimentalng zjisténym parametrem byla hodnota mezni rychlost Ve , Ktera
vykazovala pro nizsi koncentiaci enzymu hodnotu 1,3 uM.s™', zatimeo pro vy3si obsali w bylo
2.2 uM.s”', To ukazuie na fakt, pro pomér enzymu a substrd je vwhodng$i nizdi koncentrace
CIEY M.

Obdobnym zpisobem byla sledovana katalyticka aktivita nové syntetizovaného komplexu
médi Na zakladé hteratury '* kde podobné studie byly provadény v &isté nevodném
prostiedi, bylo koneipovano 1 nase mérent a to v methanoln hz patmym rozdilem oprat
experimentiim s enzymem byla nutnost pouziti vyssich koncentraci komplexu i substritu
Experimentdlng byla ziskdna hodnota K 1.6.10° M. coZ je priblizné trikrar vy58i hodnota ne
v plipadé enzymu, z who tedy vyplyva, Ze enzymaticka katalvza je rychlejsi.
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Lavir

Ze ziskanych vysledkt vyplyva, Ze prostfednictvim elcktrochemickych méfeni (napf.
amperometrie) lze dosdhnout podobnych wvysledki jako v pfipadé v&tdinou vyuZivané
spektroforometrie v UV/VIS oblasti,
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dependent on the amount and size of AgNPs as well as on their exposure to UV-C irradiation
for different time intervals. AgNPs evidently contributed to the effect of simple UV-C
irradiation of DNA which resulted in a deeper DNA degradation, thus, the imreversible
oxidation of nucleobases, mainly in case of guanine moiely,

-

I sl

(X -] 1.I.F II.: III E ﬁ“

Fig. 1. DP voltammograms of guanine (+1.03 V) and adenine (+1.32 V) moieties of 500
pg.mL ' salmon sperm dsDNA (a) in the absence (full lines) and in the presence (dashed
lines) of 100 pM AgNPs after the exposure ta LIV-C irrachation (254 nm) for () min (black), S
min (Mue), 10 min (green), 20 min (red) and 30 min (omnge); conditions: prepared in PH (pH
7.4), measured on GCE in solution. scan rate of 10 mV.5 h

According w the spectrophowmetric analysis, the superoxide (02") radical formation was
conflitmed by observing UV-Vis absorption spectra ol generated ROS at 4067 nm (Fig. 2a).
The ROS formation was proportionally dependent on the concentration of AgNPs. In the
presence of dsDNA, the absorption maxima of ROS reached to significantly lower values (in
case of 50 uM, 100 uM and 200 uM AgNPs) comparing to those in the absence of DNA,
which indicates the ROS twrapping by DNA structure (Fig. 2b). Moreover, the production of
ROS and their trapping by DNA was found to be dependent on the size of AghNPs, their
amount as well as the presence of different atmosphere (solutions saturated by oxvgen, air or

argon).

Alfau]
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Fig. 2. UV-Vis absorption spectra of 100 uM NBD-CI (343 nm, black) and its oxidation
product (467 nm) indicating the ROS generation induced by 10 uM (blue). 25 uM (green), 50
uM (red), 100 uM (oranee) and 200 pM (pink) AgNPs in the absence (a) and in the presence
(1) of 100 pg.mL"" salmon spenn dsDNA
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The constant experimental conditions provide the possibility of comparison of CHER activity
for all studied proteins. Although the observed dependences of peak H height on the
accumulation time and applied current were similar, the influence of the protein modification
is visible (Fig. 4). The lowest peaks H were measured for all of the conditions for the solution
of papain-2, the hydrogen evolution activity was even lower than for the nonmodified papain.
On the other hand, modification of papain by the complexes 1 and 3 increased CHER activity
of the protein.
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Fig. 4. Dependence of peak H height on the accumulation time (left) and on the applied
current (right) for aqueous solutions of papain (dot), papain-1 (square), papain-2 (star) and
papain-3 (triangle) for concentration 5 % 10”7 mol-dm™ of protein in 0.1M KCI.

Conclusions

Catalytic hydrogen evolution activity of proteins is influenced by their chemical structure.
The addition of ruthenium organometallic complexes to papain changed the ability of protein
to catalyze the hydrogen evolution during the chronopotentiometric measurements. The
modification of papain by molecule 2 noticeably decreased CHER activity. On the other hand,
the artificial metalloproteins papain-1 and papain-3 provided much higher electrochemical
signal than nonmodified papain. The highest CHER activity was observed in the presence
of papain-3, even though the catalytical properties were not the main aim for the synthesis
of molecule 3.
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Fig. 2. CV seans of Sudan 1 started with anodie sean from 0 V to +1 V recorded on pyrolytic

graphite electrode (PGE) and on boron doped diamond electrode (BDDE).
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Fig. 3. CV scans of Sudan [ started with cathodic scan from 0 V to =1 V recorded
on pyrolytic graphite electrode (PGE) and boron doped diamond electrode (BDDE).

When the cathodic scan s applied st (Fig, 3), low electon reduction ol the azo moety
gives nise to the dominant peak around ~075 V wihich results in the separation of the two
aromatic cycles of Sudan 1 and gencration of aniline and 2-amino-1-naphthol. The latter
yields the reversible pair closc to 0V,












vychladnuti byl roztok doplnén na 100,0 mL vodou a z n& byly fedénim pfipravovany
roztoky k analyze.

Pracovni parametry

Elektroforeticka separace probihala v BGE 500 mM kyselina octova + 12 mM LiOH (pH 4,2)
pii napéti/proud 10 kV/6 pA v kiemenné kapilafe vnéj$i prumér 380 um, vnitini pramér 25
um, délka celkova/k detektoru 16,5/10,5 cm. Detekce je bezkontakini vodivostni (C*D).
Stanoveni bylo provedeno metodou standardniho pridavku, piidavky byly 1, 2 a 3 ug mL".
Pro referencni méreni byl pouzit atomovy absorpéni spektrometr s plamenovou atomizacni
(GBC 933 AA, GBC Scientific Equipment, Australia). Stanoveni Na, K, Mg a Ca bylo
provadéno pii 589,0; 766,5; 285,2 a 422,77 nm. Atomizace byla provadéna s plamenem
vzduch-acetylén pro stanoveni Na, K a Mg, a plamenem oxid dusny-acetylén pro stanoveni
Ca. Stanoveni bylo zalozeno na kalibra¢nim grafu sestrojeném v intervalu 0,25 az 5,0 mg mL~
! Obsah vapniku byl ovéfen téz komplexometrickou titraci roztokem 0,051 M chelatonu 111
v prostiedi 1 M NaOH; indikatorem byl 0,5% roztok kalkonalidu v methanolu.

Vysledky a diskuse

llustracni elektroferogramy jogurtu Activia I pred a po prfidani standardnich piidavki jsou na
Obr. 2. Vyhodnocovany byly plochy pikia. Ve stejném obrazku je i piiklad kalibragnich
primek; ve vétsiné analyz byl koeficient determinace R* > 0,99. Priiméry z péti opakovanych
stanoveni jednotlivych kationti jsou v Tabulce I. Pro srovnani jsou v tabulce rovnéz vysledky
srovnavacich analyz plamenovou atomovou absorpéni spektrometrii a komplexometrii.
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Obr. 2. Stanoveni iontd K', Ca** Na' a Mg®" v jogurtu Activia I (po digesci 6 M HCI)
metodou standardniho pridavku (standardni pfidavky v pg mL™" uvedeny u elektroferogramii)
a priklad kalibraénich primek.

Tabulka L.

Prehled vysledki elektroforetického stanoveni majoritnich anorganickych kationtd ve dvou
riznych jogurtech Activia (Danone) po digesci v 6 M HCl. Hodnoty v mg/100 g jogurtu jsou
pramérem z péti (CE) nebo tii (FAAS a komplexometrie) méfeni. Intervaly spolehlivosti
a RSD in % (v zavorce) jsou uréeny pro 95% hladinu vyznamnosti.

Metoda stanoveni Activia Activia Il

K Ca Na Mg K Ca Na Mg
CE 360£13 19145 8844 40+4 327£16 15318 6214 3743
(2.8) (4.0) (599 (LD (4.1) (3,7 (5.3) (8.2)
FAAS 328+14  189x10 89+l 38+3  309+£28  154+11 7143 3382
(2.0) (2.5) (0.3) (4.0) (4.1) (3.3) (2.0) (2.7)

Komplexometrie 20246 159+4

(1.2) (0.9)
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introduced to the system as the clectroactive probe. The WE was immersed to the clectrolyte
by height of 1.2 em (geometric area of 0.66 em?®). A gold wire served as the CE and the
{(quasi) RE. The CE was placed behind a glass frit to avoid interferences caused by
electrogenerated reaction products = All eyelovoltammetnie measurements were performed
in the true analog linear potential scan regime (Metrohm potentiostat, Autolab) employing
positive feedback electronies to compensate for ohmic voltage losses due to the electrolyte
resistance and the intrinsic resistance of the WE

Results and discussion

The measured electric resistance ol the PLA/carbon black composite lilament was found 1o be
perlectly proportional o the distance between contacts (results not shown), The regresion
analysis leads to the specific resistance value of 260 Q cm'! (for the filament of 1 75 mm
diameter), which falls into the range of values stated by the manufacturer (200 to 300 Q.em™).
The cyclic voltammogram obtained at the interface of unmedfied composite electrode and
deareated 0.3 mol.L"' Na:SO4 supporting electrolyte shows no faradaic features in the
potential region between -1.1 Vand + 1.3 V (dashed line in Figure 1B). At the ancdic side,
this range is limited by the onset of the electrode oxidation, while the hydrogen evolution
reaction (HER) sets in heyond the cathodic hmit Electrodes subjected to the electrochemical
oxidative pretreatment show an additional broad feature centered at = -1 'V in the first
cathodic potential scan (cyclic voltammogram not shown) that pertains to the reduction of
oxidized carbon black electrogenerated in the course of the anodic pretreatment. All
subsequent potential scans show voltammetnic responses possessing leatwes similar w those
vblained lor unireated electrodes (dashed line).

Upon introducing the Ru(acac) as clectroactive probe into the clectrolyte bulk, cyelic
voltammograms of both untreated and electrochemically oxidized electrodes show a distinet
pair of faradaic maxima. As an example, a cyclic voltammogram obtained for the electrode
oxidhzed for t = 10 5 15 depicted by the solid line in Figure 1B,
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Fig. 1. A photagraph of the apparatus used for the pretreatment of PlLA/earhon hlack
filaments (A). (B) Cyelic voltammograms obtained at the interface of untreated electrode and
deaerated 0.3 molL' Na:SOs electrolyte (dashed line) and electrochemically oxidized
electrode (1 = 10 8) upon introducing 5.0 x 10 mol L' Ru(acac): as the electroactive probe,

Figure 2A shows the average ol cathodic and anodic faradaic peak currents (total peak
currents corrected for their respective capacitance contributions) obtained from cyclic
voltammograms as a function of the pretrcatment time. Figure 2B shows the peak-to-peak
separation obtained as the potential difference of anodic and cathodic peak currents.
Importantly, the magnitude of the total resistance between the WE and the RE was determined
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by the electrochemical impedance spectroscopy before cach cyclovoltammetric run and was
further used as an input parameter for feedback electronics to compensate for ohmic voltage
drop. The obtained peak-to-peak separation thus reflects only the kinetic hindrance for the
charge transfer between the electrode and the electroactive probe.

The faradaic response magnitude of electrochemically pretreated electrodes is higher
compared to that of unmaodified clectrodes. This suggests that the clectrochemical oxidation
pretreatment increases the exposure of the conductive carbon black phase to the
electrode/electrolyte interface. Values of the peak-to-peak separation obtained for
pretreatment time 10 s to 30 s are lower than that obtained for the unmodified electrode. This
suggests that the pretreatment step not only increases the etfective interfacial area, but also
suppresses the kinetic hindrance for the charge transfer (On the other hand, longer
pretrecatment times lead to an increase of the kinetic hindrance accompanied with a slight
decrease in the faradaic response magnitude. This indicates that a prolonged exposure of
electrodes to anodic potentials causes that the carbon black phase is either oxidatively
decomposed or detached from the electrode/electrolyte interface.
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Fig. 2. The average of cathodic and anodic faradaic peak currenis (A) and peak-to-peak
separation of taradaic maxima (B) as a function of the pretreatment time.

Conclusion

We investigated cyclovoltammetric response of untreated and electrochemically oxidized
electrodes fabricated from commercially available conductive filaments based on the
PLA/carbon black composite. The electrochemical pretreatment proposed in this work was
found to increase the faradaic response magnitude, which was ascnbed to an increased
exposure of the conductive carbon black phase to the electrode/electrolyte interface The
pretreatment further decreased the peak-to-peak separation of faradaic maxima suppressing
thus the kinetic hindrance for the charge transfer between the electrode and the electroactive
probe. The peak-to-peak separation of 80 to 90 mV was achieved upon optimizing the
pretreatment. This value is closer o the value characieristic for metals and pure carbon
electrodes (60 mV) than values tfor PLA/graphene composites reported in the hiterature (110 to
220 mV) Both untreated and electrochemically oxidized electrodes will be further mspected
by conductive probe atomic force microscopy 26. 27 to explore their morphology at the
nanoscale. Electrodes will be subsequently modified with copper by electroplating to serve as
electrocatalytical surfaces for the electrochemical reduction of ambient carbon dioxide.

Acknowledgements
Support from Czech Science Foundation ( 18-098485) is gratefully acknowledged

186






Voltammetric Determination of Chili Peppers Pungency using Phospholipid Modified
Glassy Carbon Electrode
(Voltametrické stanoveni palivosti chilli paprik na elektrodé ze skelného uhliku
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Abstract

The aim of this study was (o develop a simple method for evaluation of the pungency in chili
peppers with a glassy carbon electrode modified using phospholipid membrane prepared from
asolectin For these purposes cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) have been used. A few different methods have been tested: direet method, transfer
method on unmodified and modified electrode, using standard addition method as well as
calibration curve method. A statistically significant correlations with the results of the
reference HPLC method have been found in case of voltammetric methods, especially in DPV
with asolectin modified electrode.

Key words: Capsaicin, Glassy carbon clectrode, Asolectin-modified electrode, Voltammetry,
Electrochemistry, Chilli peppers.

Uvod

Kapsaicin je pirirodni  alkaloid wvyskytujici se v plodech chilli paprik, které patii
k nejdilezitéjsim a nejroziifengjdim kofenim. Za jejich popularitou stoji vyznamneé
organoleptické vlastnosti (typicka paliva chut'), antioxidaéni & antimikrobialni 0éinky.
Palivost chilli paprik je hlavnim divodem jejich konzumace a z pohledu konzumenta
piredstavuje jednu z jejich nejdalezit®jdich charakteristik. Od toho se proto odvozuje potieba
tuto charaktenstiku kvantifikovat. Mira palivosti piimo souvisi s obsahem kapsaicinu a jemu
podobnych latek (kapsaicinoidi) v paprikach. Kromé potravinaistvi nachazi kapsaicin své

uziti i v lesnictvi (zemédélstvi) jako ochrana pied okusem stromii zvéi |

s o~ .-ﬂ-..I CH
5
T i CHy

O 2 O S e i
Schéma 1: Struktura kapsaicinu. Carkovana ¢ast: Spole¢na pro viechny kapsaicinoidy.

Nejcastéji vyuzivanou metodou pro stanoveni jejich obsahu je vysokoadinna kapalinova
chromatografie (HPLC) > nebo priitokova injekéni analyza ° Ve vétdiné pfipadl je detekce
provadéna elektrochemicky na modifikovanych ®7 & nemodifikovanych elektrodach ®

Zikladem pro elektrochemické stanoveni je v kapsaicinoidech pritomné oxidovatelné
o-metoxyfenylove jadro. Z hlediska struktury se jedna o amidy vznikajici enzymatickou
kondenzaci mastnych kyselin (C9 - C11) a vanilylaminu. Strukturni rozdily mezi jednotlivymi
kapsaicinoidy vyplyvaji z rizné délky alkylového fetézce a z pritomnosti resp. nepiitomnosti
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Repeated measurements can cause a passivation of the cleetrode surface. Therefore,
appropriate regeneration steps were sought. Various combinations of regeneration potentials,
together with values obtained without any regenerating treatment, were tested. In this case,
simple purging of the working solution with mitrogen took place in order 1o overcome a
passivation of the electrode surface.

The optimal conditions were used for measuning the calibration dependence in the
concentration range of MB from 1107 mol L' to 1*10° mol L' using DPV. The calibration
dependence was not fully linear, probably due to the fact that MB was strongly absorbed on
the surlace of the m-AgSAE.

Llectrochemical behaviour of M at the DNA-madified amalgam electrode was investigated
by mcans of DPV. The measurcment was carricd out at the DNA/m-AgSAE sensor in the PB
(after previous adsorption of MB at the electrode surface) or in the solution of MB itself, to
monitor the changes in the intensity of the MB reduction signal (Fig. 1). The sensor was
incubated for various limes and various concentrations of DNA. The DNA concentration of
0.1 mg mL" and incubation time of 1 min, and the MB concentration of 1410~ mol L™ and
mcubation fime of 1 min were fannd as optimal for the preparation of the DN A-hased sensor
Further, EIS measurements took place in order to venfy and ohserve the changes at the
electrode surface. The Nyquist plots of MB recorded at the bare and DNA-modified electrode
confirmed thar the resistance 1o the electron wansfer is significandy higher at the DNA/m-
AuSAE compared w the unmodified elecuode. This can be in conespondence with the Fact
that MB 1s intercalated into the base pairs ol dsDNA.

-0.4

0.4 0.3 0.2 0.1 0.0 0.1
EM

Fig. 1. DP voltammograms of MB at the bare (black) and DNA-modified (red) m-AgSAE,
recorded in PB in the presence of MB (¢ = 12107 mol L") (solid line) or recorded in PB in
the absence of MB after previous adsorption of MB on the working electrode surface (dashed
line)

Further. DPV and EIS of MB were used to detect and evaluate changes in the DNA laver

induced by UV radiation at the DNA/m-AgSAE. Exposure of the DNA biosensor 1o the day
light was used as a control test, The relatve change ol the MB cathodic peak cunent and the
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clectrode holder. Elcctrode surface was renovated by polishing with dry paper after cach
analysis.

The second strategy for immobilization was the enzyme incorporation inte Nalion®
membrane (SPCE/Tyr-GTA/Nafion™). A volume of 5 uL of enzyme solution (2.0 mg mL*") in
PR was apphied onto surface (diameter 2 mm) screen-prnnted carhon electrade (SPUE) type
C-110 from Metrohm DropSens (Llanera, Spain) and allowed to dry under lahoratory
conditions. Then, individual enzyme molecules were cross-linked by 10 uL addition of 1%
GTA. After 20 min, a volume of 15 uL 1% Nafion" (neutralized by 8 % ammonia solution)
was applied directly and allowed 10 dry under laboratory conditions,

A covalent attachment using cross=lhinker GTA was used as the last type of immobilization
The gold disk clectrode (AuE) of diameter 2 mm was dipped in 10 mM AET solution for 6
hours at 5°C. The modified AuE was washed with deionized water and dried at laboratory
conditions. Then, it was immersed imto 1% GTA for three hours. Obtained AuE-AET-GTA
electrode was transferred into the enzyme solution for one hour (see Fig. 1), Finally, the
resulting biosensor (AuE-AET-GTA-Tyr) was washed with redistilled water. Freshly
prepared tyrosinase hosensors were stored dry in a rel"ngemmr at temperature S

Fig. 1. Individual steps for the covalent cross-linking of tyrosinase on y.}ld disk electrode.

Tnisir e nicrfion

All amperometnic measurements were performed 1in a typeal three electrode eonfignration
consisting one type of tyrosinase biosensors (working) Ag/AgCl/3 0 mol L 1Kl (reference)
and Pt wire (Eﬂﬁili&l‘)"} electrodes. Resultant Setup was Elwﬂy'& connected 1o the AUTOLAB
PGSTATI01 potentiostav/galvanostat from Mewrohm (Prague, Czech Republic), which was
operated through Metrohm's NOVA 1,11 soliware,

1%



Methods

As a supporting electrolyte, non-areated 0.1 mol L' pH 7.0 PBS was used for each
electrochemical measurement due to optimum tyrosinase biocatalytic activity . To
characterize the developed biosensor, ¢ychic voltammetry of 500 pmol L' dopamine was
carnied out under following conditions: potential window from -04 V to +0.8 V, potential
step of 2 5 mV, and sean rate of 11l mV "' Amperometnic detection (hatch configuration) was
performed in a conventional glass cell from International Chemistry Co, LTI (Matsudo-shi,
Japan) was usually performed at -0.2 V vs Ag/AgCl/3.0 mol L ' and speed of stirring 400
rom. Otherwise. any change in the working conditions is described in the legends of the
cornresponding Nigures,

Results and discussion

Each of preparcd tyrosinasc bioscnsors was charactenized using cyclic voltammetry at scan
rate 10 mV 5. Thus, the low rate of scan rate was intentionally set to monitor biocatalysis.
For demonstration purposes, Fig. 2A shows typical cyclic voltammograms of 500 umol L'
dopamine at bare AuE and AuE-AET-GTA-Tyr biosensor respectively. A reduction peak (al
+0.1 V) of formed dopamine o-quinone (oxidation product) 1s more intensive in the presence
of enzyme than at hare electrode

In this work. a working potential of amperomertric detection was not optimized. A value of
0.2 V was applied in accordance with the literawre **. Calibration measurements from 10 10
80 pmol L' dopamine (Fig. 2B) were done at tested bivsensors always afler thiee days of
storage dry in relrigerator al 5°C o determine the eflect of immobilization method used on
servise life of tyrosinas biosensor It was found that biosensors based on covalent bonding had
a much shorter lifctime than all others ®. In contrast to this, an immobilization of tyrosinasc
enzyme using an incorporation in polymer structure have been able to monitor dopamine
concentration for time duration longer than two weeks **’. A comparison of electrochemical
tyrosinase biosensors developed for dopamine monitoning is shown in Tab. 1,
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Fig. 2. Cyclic voltammograms of 0.1 mol L' PB (pH 7.0) (blank, solid black), with
S00 pmol L' dopamine obtained at Aul’ (dashed black) and at AuE-ALT.GTATyr (red)
using potential step of 25 mV and secan rate of 10 mV 2! (A) I'ypeal amperograms (batch
configuration) obtained at fresh CPE/Tyr (blue), SPCE/Tyr-GTA/MNafion® (black) and AuE-
AET-GTA-Tyr (red) for several additions of 10 ymol L' dopamine in 0.1 mol L' PB (pH
7.0) at working potential 0.2 V and speed of stirring 400 rpm (B).

In 2013, Yicentimi et al , compansed the stability of their developed tyrosinase biosensor for
monitoring of catechol with the previously reported ones” Surprisingly, they found in

199















1
- BOO
T £ T 3
= = 500 E = i
= =
200 -
L 100 4
200 700
600 »
? 1 2 3
" ? s [ [urr:ml L"Ja € [jemol L°T]
400 | |
===0, 1M HNO3 —vzorek - ASKON
200 | ——piidavky DFC —standardni pfidavky DFC
N 10 FV——— A
o ' 900 1300 1700 2100
200 1200 1600 E [mV)

200
E [mV]
Obr. 4. A — DP voltamogramy DFC v zavislosti na koncentraci ziskané na BDDE; ¢prc =
1x107%-7%10°¢ M. Vlozena zavislost vysky piku DFC na koncentraci. B — Stanoveni DFC
v pesticidnim pripravku ASKON metodou standardniho pridavku.
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CdMT, kde jsou po clektrolyze negativniho potencialu pozorovany oba piky v obdobne
oblasti potenciali " 1*.
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Obr, 1. Voltametrické stanoveni Ix10°M rutinu na (a) uhlikové pastové elektrodé
modifikované silikagelem, (b) nemodifikované pastové elektrodé a na (c) elektrodé ze
skelného uhliku. Aktivace 30 s pii Faa +800 mV, tace 45 5 pii Face +200 mV, DPV od Fin +100
do Fin +800 mV, rychlost scanu 10 mV s ', 3 opakovéni na kazdé z elekirod.
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Obr. 2. DPV v boratovém pufru pH 8.5 po face 120 8 pii Face =1400 mV a) 1x10°M cystein;
b) 1x10*M cystein a 1x10°M Cd*'; ¢) 2x10° M PC2, 2x10-° M Cd?'.

Voltametrie na borem dopované diamantové elektrodé je odlisna od chovani na SiO:-CPE.
Jak je patrné z obr. 3, pik piislusejici oxidaci Cd-Cd” (-800mV) je mozné zaznamenat pouze
v nepritomnosti cysteinu, Pik piislusejici oxidaci cysteinu (v oblasti + 800 mV) s pridavky
iontlt Cd?* (nebo s prodluzovanim doby akumulace pfi -1200 mV) klesa Zadny dalsi pik se
v oblasti potenciali -1000 mV az + 1000 mV neobjevuje. Obdobné se chova i systém Cd* -
PC2.

Zaver
Oxidace flavonoidi na silikagelem modifikované uhlikove pastové elektrodé probiha u

stejnych potencialii jako na nemodifikované pastové elektrodé ¢i elektrodé ze skelného
uhliku. Diky moznosti nahremadéni analytu pii potencialu + 200mV se pii pouziti Si0:-CPE
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Electrochemical and Speetral Analysis of Cytosine-rich Nonamers

Iveta Thiskova 2, Libuse Trnkova *, Iva Kejnovska ®, and Michaela Vorli¢kova °
"Masaryk University Bmo, Faculty of Science, Department of Chemistry, Kamenice 5,
625 00 Brno, Czech Republic, E-mail: 175126 mail. muni.cz, libusef@chemi muni.cz

" Institute of Biophysics of the Czech Academy of Sciences, Kralovapolska 135, 612 65 Bmo,
Czech Republic

Abstract

Conformational wansitions of nucleic acid lragments are strongly dependent on nucleotide
sequences. The Cerich ODNs can adopt dilTerent secondary structures which are held wzethe:
by hemiprotonated and intercalated cytosine base pairs (CC') These structures, so called i-
motifs, were investigated in DNA nonamers with 6C by both clectrochemical (voltammetry
and clectrophoresis) and spectral (absorption UV-Vis spectra and circular dichreism)
methods, The application EVLS (elimination voltammetry with linear scan) procedure to the
reduction signals of cytosine (C) and ademine (A) on a hanging mercury drop electrode
revealed difterent conformations of studied nonamers.

Key words: C-rich ODN_ i-motf, Linear sweep voltammetry, Elimination voltammetry with
linear scan, CD Spectra, Fnlyacrylamide ElE-C'lprhDTESlE_

Introduction

Electrochemical research of DNA lragments, oligonucleotudes (ODNs) is oflen supplemented
by other non-electrachemical methads '2 for both reasons: ta better interpret electrochemical
data and to investigate the cffect of charged interface on their structure. In other words, an
integral part of this approach is verification of ideas that arise during electroanalysis and
which are very useful for research and development of biosensors.

To monitor i-motif structures (CC") *** in nonamers with the different cytosine and adenine
sequences, their reduction signals can bhe studied by using hinear sweep voltammetry (L5V),
completed by elimination voltammetry (EVLS) It 18 known that the protonated cytosine-
cytosine base pair (Fig. 1) formation depends on various factors. in addition to the crucial
nucleotide sequences also on environmental conditions such as pH. temperatwre, the solution
composition, the ionic suength and, in the case of electroanalysis, also on the charged
eleciode suilace.

a deoxyribose b
Oy N _H
H H
N
N
H H
M H
N
H H

deoxyribose

Fig. 1. (a) A hemiprotonated cytosine—cytosine base pair (CC') which intercalate to form
the i=motif. (b} A schematic representation of i=motif structure in C-rich ODN
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Experimental

Chemicals

The lyophilized samples of DNA nonamers HX were purchased from Sigma — Aldrich
Company. The nonamers were diluted in distilled MILI Q water (18.2 M{)-cm at 25 °C) and
their concentrations were determined by using UV-VIS spectroscopy. The phosphate-acetate
hutter was prepared as the mixture ot acetie acad (00 4 mal-1.71 glacaal; Xigma Aldrich, AN
reagent), phosphoric acid (0.4 mol-1.”™"; 84 % pa: Penta Chrudim), and 2 mol-1.”" sodium
hydroxide (Sigma Aldrich; 97 %: p.a.). All stock solutions were prepared in distilled MILI Q
Walter.

Table L.
Sequence of DNA nonamers
Nomamers (CeAa) Seguence
H2 CCCAAACCC
14 CACCACCAC
e ACCCACCCA
Methods

Linear sweep voltammetry (LSV)

The electrochemical behavior of DNA nonamers HX (H2, H4 and HO) were investigated by
linear sweep voltammetry (LSV) combined with elimination voltammetne procedure. The
valtammetne experiment was carned out by using electrochemical amalyzer PGSTAT 20
(EcoChemie, Utrecht, The Netherlands) The samples of nonamers studied with concentration
of 7-10° mol-L' and prepared in phosphate - acetate buffer (pH 5.17) were dosed into the
voltammetric cell equipped with three electrodes. the hanging mercury electirode (HMDE)
with the effective area of 0. 4mm? as the working electrode, Aw/AgCl/3M KCl and Pt wire as
the relerence amd counter electrodes, respectively, The expenmental conditions were as
follows: scan rate 50, 100, 200, 400, 800 mV/s, start potential =1 V, end potential -1.7 V,
accumulation potential =01 V, accumulation time ta 90 5, inert argon atmaosphere ((99 999 %),
room temperature. The obtained voltammetric curves were smoothed (Savitzky-Golay filter:
level 2) and the elimination function E4 ** (/i and L = 0; Ju # 0) according the equation:
AH = 174851 - 11.657 iz — 58584 Iz was calculated (scan rates 200, 400 and 800 mV/s).
The voltammetne experiment was completed with circular dichroic spectroscopy (CD) and
native polyacrylamide gel electrophoresis (PAGE).

Cireular dichroic spectroscopy

The CD spectra of studied DNA nonamers were performed by using Jasco J-810 spectrometer
(Tokyo. Japan) under the following experimental conditions: copy = 2.37-107" mol'L";
phosphale-acetate buller (pH 8.17 - 4.43), wavelength range fiom 200 w0 330 nm (rate 100
nm/min}, 0.1 cm guartz cuvette; room temperature 23 °C.

Polvacrylamide gel clectrophoresis (PAGE)

The DNA nonamer structure was verified by native polyacrylamide gel electrophoresis
(PAGE), performed in a thermostated submersible apparatus SE — 600, Hoefer Scientific (San
Francisco, CA). Gels (16 %), 14 x 16 x 0.1 cm in size, were run for 17 h at 60 V and 8 °C in
phosphate - acetate bufter (pH 5.0). The gels were stained by Stains—-All (Sigma).
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Results and discussion

The building i motif block is based on one neutral and one protonated C (Fig. 1) and therefore
acidic or slightly acidic solutions are required. There are different approaches to study the
formation and stability of i-motif structures. Among the most commonly used methods such
as spectroscopy (NMR, fuorescence and CD), diffraction (X-ray) and electrophoresis
(PAGE) electrochemistry 1 laoking 1ts own place in this research field *'% In this respect,
climination voltammetry (EVLS) can help hecause it is capahle, unlike pulse methods, of
reflect ng structural changes of ODNs on the electrode surface.

It 15 known that on mercury elecuodes adenines (A) and cytosines (C) in ODNs provide
common reduction signals "', We performed linear sweep voltammetric experiment with a
hanging mercury drop electrade (1 IMDL), and in the adsorptive stnpping mode we measured
reduction AC peaks at different scan rates. For the totally adsorbed clectroactive substance,
the elimination function, which eliminates charging and kinetic current components (% and /i)
and conserves the diffusion component /, provides a special peak-counterpeak signal. As an
example, the difTerence of the reduction signals of three nonamers, containing the same
number of' A and C (3: 6) and having a different sequence, is shown in Fig.2,

] 3
a = H2 —Ha = HI . b = H2 =—Hd = HD
I/l (1)
1
o - 1]

JF 5 ; " . : ]
1550 1450 1350 1250 1150 1350 -1350 -1150
EfmV Efmy

Fig. 2. Linear sweep voltammograms for the reference scan rate 200 mV/s (a) and
corresponding elimination voltammograms (b) of DNA nonamers H2? (CCC AAA CCC, the
dash dotted hne), 14 (CALC CAL CAC the tull hne), and H9 (ACC CAC CCA; the dashed
linc) Phosphate — acetate buffer (pH 5 17) The scan rates for EVLS were 200, 400 and 800
mVis.

The maximum coverage of the electrode surface by nonamers was achieved by the adsorptive
stipping procedure with the accumulation time of 90 5 and the accumulation potental of -
0.1V The adsorption layer of the corresponding nomamer 1s perturbed by increasing negative
potential that ensures clectrons for the reduction processcs of both nucleobases, A and C.

The EVLS curves indicate different structures of nonamers; the nonamer H2 with the A triplet
in the center of ODN chain (C3AaCs) has the most organized structure in which A and C are
pourly accessible for the HMDE swilace and thus its reduction signal is small. Vice versa, the
nonamer Hd with alternating A and C sequence (CAC): possesses structure where i-motif is
demonstrated by the less stable himolecular duplex  The nonamers HY with A on the ends of
OIN chain forms an organized structure (fetramolecular tetraplex) without any support of
loops and interacts with electrode surface probably as a block A and C. Our assumptions were
verified by results obtained by native polyacrylamide gel electrophoresis (PAGE) - Fig. 3.
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Fig. 3. The native PAGE in phosphate  acetate buffer (pH 5.0)

Conclusions

Our contribution deals wath the investigation of 1-motifs in cytosine-rich DNA nonamers
(UnAm) with the same number of eytosine (n=6) and adenine (m=3), but with their different
sequences in the ODN chain. The electroanalytical outputs, obtained by means of LSV and
EVLS, are compared with results achieved by CD spectra and electrophoresis (PAGE). This
comparative study gives the opporunity w critically evaluate differences of i-motf structures
i solutions and al charged phase interlaces.

Acknowledgements
This rescarch has been supported by Projeet 19-170635 of the GACR.

References

1. Dvorakova, Z., Renciuk, D., Kejnovska, 1, Skolakova, P, Bednarova, K., Saui, J.,
Vorlickova, M.: Nucleic Acids Res. 46, 1624 (2018).

2 Vorlhickova, M ; Kejnavska, | ; Hednarava, K ; Renck, 13 Kypr, 1° Chirality 24, 641
(2012).

3. Dembska, A Anal. Chim. Acta. 930, | (2Z016).

4. Benabou. S.. Avino, A.. Eritja, R.. Gonzalez. C.. Gargallo. R.; Rsc. Adv. 4. 26956
(2014).

5. Almed, S., Kaushik, M., Chaudhary, S., Kukreti, S.; Int. J. Biol. Maciomol. 114, 4535
(2018).

6. Trnkova, L ; Jelen, I ; Posthicglova, 1. Clectroanal. /5, 1529 (2003).

7. Trnkova, L.; Jelen, F.; Postbicglova, L.: Electroanal. /8, 662 (2006).

8. Trnkova, L.; Friml, J.; Dracka, O.: Bioclectrochemistry 54, 131 (2001).

9. Alba, J. J.; Sadumi, A.; Gargallo, R.. Crit Rev. Anal. Chem. /6, 143 (2016).

10. Gao, X. Y., Ly, X. H,, Xiong, W. M., Huang, H. M., Lin, Z, Y., Qiu, B., Chen, G. N.
Electrochem. Commun. 24, 9 (2012).

11. Palecek, ' Biochim. Biophys. Acta. 5/, 1 (1961)

212









i)

rovna |10% z davkovaciho casu. Aplikace vypuzovaciho tlaku vy3iitho ncz 50 mbar jiz
neni vhodné v kapilate o id = 50 um, protoze dochdzi k hydrodynamickému rozmyviéni
zony vzorku a ke ztratd separaini Udinnosu. O 10% deldi tlakovy impuls pouZity pro
vytlatem ACN 2z kapilary v porovnant s impulsem pro nadavkovani vzorku je zamémy a
zajisti uplné vytlateni veskerého ACN z kapilary, zona vzorku se v kapilafe rozsifuje
virvem ditnze Hl‘rméjil narmst separacnitha napéh za dobu o 1% krats nez davkovacs
¢as, zajisti rychle vymigrovam analytu ze zony vzorku a zamezi jecho ztratam pri
vypuzovini ACN.

Viastni stacking lze vysvédit tak, Ze v 2z0né vzorku s potlatenou vodivosti migiuje analyl
rychlep nez v zoné BOE a dochasi K jeho zaostien na rochrani ACN/BGE. Vedle woho
jsou splnény podminky pfechodné izotachoforézy zpiisobené piitomnosti sodnych ionti
z biologickcho vzorku: sodnc ionty picbiraji roli vedouciho clektrolytu a na jejich zadni
hrané se¢ zaostfuje pomaleji migrujici analyt. Vhodné podminky pro piechodnou
izotachoforézu nastavaji velice Zasto, protoke vétdina kationogennich analytd ma ni23i
mobilitu ve srovnani se sodnymi ionty, Cely proces je znazomén na obr., 1,

VoW

Obr. 1. ACN stacking klinickych vzorki: 1. Hydrodynamické davkovani velkého objemu
vzorku do kapilary; 2. Zaostteni iontd 1é¢iva do Gzké zony vlivem elekwrického pole se
souCasnym vypuzovanim zbytkového ACN z kapilary aplikaci tlaku, 3. Zaostiene zOny
lédiva, 4. Separace v modu kapilarmi zonove elektroforézy. ldenufikace. analyty (modra a
relena), sodne 1onty (Cervené), ACN (Zluté), DG (3edé), tlak (zelena Sipka), pozice detektomn
(fialova ﬂipkn}

V Tabulee 1 jsou shrnuty hlavni experimentdlni parametry vyvinutych CE metod a prisluiné
reprezentativni elektroferogramy jsou zobrazeny na obr. 2.
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Tabulka 1.
Experimentalni parametry CE stanoveni létiv,

Analyt BGE Kapildra Délka vzorku, Detekee LOD,
délka, em/ id, pm mm uM
Perampanel 50 mM kyselina 35/50 129 fluorescence 0,008
chloractova, pH 2,15
Ceftazimid S mM kyselina 1. 5/2% wh (BAY LR

chlaroctova + 20%
MeQOH. pH 2.32

Pentamidin 100 mM kyselina 31.5/50 89 uv 0,03
vctovaTns, pH 4,7
Metformin 2,0 M kyselina octova, 31.5/50 23 D 0,03
pll 2,15

oo

=
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- fuorescence
siarcid
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Obr. 2. lusuativin elektolerogramy, A = CEfMuorescentm  stanovent  antiepileptika
perampanclu v lidské krevni plasmé (stanovena koncentrace 241 ng/ml), B - CI/UY
stanoveni antibiotika ceftazidimu v lidske krevmi plasmé (6 pg/mL); C — CE/UV stanoveni
antimikrobidlniho prostfedku pentamidinu v plasmé laboratornich potkant (14,2 uM), D
CE/C'D stanoveni antidiabetika metforminu v lidske krevni plasmé (1,4 uM).

Tavér

Kapilarni elektrotoréza predstavuje velmi silny nastroy pro monitorovani farmakokinetiky
leéiva po desetiviefinovych éasovyeh intervalech Nizke pozadavky na mnozstvi klinickeho
vzorku a jeho snadna dprava navic umoznuji provadét farmakologické experimenty na malych
laboratornich  organismech, Vysoké citlivosti stanoveni charakierizované LOD na
























containing various salts (bis(trifluoromcthanc)sulfonimide  lithium (LiTFSI), lithium
perchlorate (LiC104)) and plastisizers (DMF, EC and PC) has been investigated.

Experimental

The influence of polymer electrolyte ending groups ~C=N (PAN) and P-0O- (PEO) on lithium
sohid electrolyte interphase formahon was nveshgated using electrochemical  tools:
chronopotensiometry and impedance spectroscopy and physical methods: X-ray photoclectron
spectroscopy (XPS). scanning electron microscope (SEM), dynamical mechanical analysis
(DMA) and differential thermal analysis (DTA).

The conductivity of polymer [ilms, soaked with 1M Li-salt/PC solutions was measuied by
chemical impedance spectroscopy in a twoselectrode Ni/Ni symmetric cell with embedded
micrometer for PE thickness mcasurements. Lithium cation transference numbers 'y for
both types of electrolytes were defined by means of DC polarization and AC impedance
methods in two-electrode coin type Li/Li symmetric cell.

Impedance spectroscopy technique in two-electrode coin type Li/Li and Ni/Ni symmetric cells
was uzed to evaluate the resistance of the formed SEI hilms rlunng tme evolution or under
polarization

The method of XPS was used 1o obtain information on the chemical composition, bonding
and homogeneity of polymer/lithium metal interphase. The specua were collected using
monochromatic Al Ko X-rays For the accurate estimation of SEI chemical composition
formed in contact with the lithium metal few lithium monolayers (with estimated thickness
4.8 and 10 A) were deposited on the surface of specially fabricated PAN — and PEO -
polymer membranes using PVD process. The guariz erystal microbalance (QCM) technique
was used for the /r sitw control of the mass change during Li deposition process.

Results and discussion

The conductiity of polymer films soaked wath Li-salt and plasticizer appeared to be the
highest in  IM LiCIOW/PC solution The average conduchvity was eshmated to be
1.18*10* S/em for PEO PE and 1. 45%10° S/em for PAN PE (Fig. 1).

Lithium cation wransference numbers fi” for both PEO (i = 0.25) and PAN (1" =0.21) types
ol PEs were deflined o evaluate the conttibution of the cationic species w0 the overall
conductivity of the polymer films. As a result, it can be concluded that PEO polymer is
characterized by the highest Li-ion conductivity 2955 10r% Slem in comparison with PAN
3.04%107 S/em,

o
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Fig. 1. PAN and PEO polymer electrolytes conductivity.
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According to the Nyquist plots obtained for PEO and PAN PEs (Fig.2) it can be concluded
that a highly resistive film grows on lithium metal surface during time-storage, on the
contrary SEI film remains stable in contact to inert nickel electrode for both types of PEs

(Fig. 3).
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Fig. 2. Nyquist plots for PEO and PAN PEs. Electrode surface S=2cm?®. The equivalent circuit

for both plot types is shown in the right picture.
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Fig. 3. Surface layer time-evolution given for PEO and PAN PEs in contact 1o Li and Ni

clectrodes

Along with this, Li metal/PEQ interphase stability has been studied during time evolution for
solid PEO(LiClO4)20 PE at a temperature above the glass phase transition (Tg) at 60 ° C, As
for the solid PEO the semicircle related to the surface layer resistance (on the Nyquist plot)
increased over time and accessed to the plateau after more than 48 hours, indicating the SEI

growth and its time stabilizathion

As observed from the XPS spectra of Cls and O1s for PEQ/Li surface it can be assumed that
the process of PEQ polvmer reduction during lithium meral PVD occurs. The interaction of
lithium with PEO produces lithium oxide LizO, thus destoying the C-0 bond in the PEO
polymer, the formation of a large number of C=C bonds in sp’ hybridization is possibly
related to groups relating to ethylene Czlls compound
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relativne nizku hodnotu /ias, namerane hodnoty elektrického pridu boli prepocitané na
hodnoty elektrickej vodivosti (5 s vyuzitim Ohmovho zakona podla vzt'ahu / = GUkas.

Vysledky a diskusia

Obrazok 2 znazoriuje hodnoty log((G/Go) namerané pocas tvorby spojenia elektroda-
molekula-elektroda pre molekuly A a B, kde Go predstavuje kvantum vodivosti zlata
s hodnotou 77,5 uS. Pre oba systémy v Obr. 2 je pozorovany vznik atomarneho spojenia zlata,
pre ktoré je hodnota log((s/GGe) = 0. V pripade oboch molekil boli pozorované dve plata
s konstantnou vodivostou, ktoré predstavuju dva rozne stavy spojenia elektréda-molekula-
elektroda. V pripade simultanneho merania vodivosti molekiul A aB a Seebeckovho
koeficientu sme sa v tejto praci zamerali na stav s vy$Sou hodnotou vodivosti G.

A?_. T "BZ

log(G/G,)

0.0 0.5 1.0 0.0 0.5 1.0
tfs t’s
Obr. 2 Graf hodnot elektrickej vodivosti G v zavislosti na Case, znazornené ako dekadicky
logaritmus podielu G/Go, kde Go=77,5uS je kvantum elektrickej vodivosti. Oblasti
zvyraznené Sedou farbou znazoriuju prechod zatomarneho zlatého kontaktu, reprezen-
tovaného hodnotou log((i/(GGe) = 0, k tvorbe spojenia elektroda-molekula-elektréda pre
molekulu A (vlavo) a B (vpravo).

Experimentalne sa da z hodnét nameranych termoelektrickych napati Fi uréit hodnota
Seebeckovho koeficientu § podla vztahu'?
Vin

S =S T3y

kde Sau = 1,94 uV K 'je Seebeckov koeficient zlata a A7 je teplotny rozdiel medzi substratom
a zlatym hrotom. V obrazku Obr. 3 si zaznamenané hodnoty termoelektrického napétia,
odpovedajuce simultannemu meraniu log((7/Go) spojenia elektroda-molekula-elektroda a jeho
¢asovému vyvoju zobrazenému v Sedom poli na Obr. 2.

Hodnoty termoelektrickych napéti }w, odpovedajice premosteniu molekuly medzi dvomi
zlatymi elektrodami, boli Statisticky spracovane a histogramy najpravdepodobnejsich hodndt
su na Obr. 4. V oboch pripadoch boli spracované hodnoty Vi pre stav spojenia elektroda-
molekula-elektroda davajici vysSiu hodnotu vodivosti. Podobnym sposobom sa da
analyzovat' Vi, pre stav s nizSou vodivostou v jednom subore merani a tiez pre atomarny zlaty
kontakt.
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Obr. 3 Graf hodnét termoelektrickcho napatia I v zavislosti na ¢ase v pricbchu tvorby
spajenia elektroda-molekula-elektroda pre molekulu A pri AT= 3105K-301K=95K
(vIavo) a molekulu B pri A7'= 308 K — 2995 K = 8 5 K (vpravo)
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Obr. 4 Histogram hodndt termoelektrického napdtia I meranych pocas doby existencie
spojenia elektroda-molekula-elektroda z Obr. 3 pre molekulu A (vlavo) a B (vpravo). Cierne
lime predstavuju fit experimentalnych dat Gaussovou rozdel'ovacou funkciou.

Pre molekulu A bola namerana poztivna hodnota Vi = 19.5 uV a pre molekulu B hodnota
negativna Py =-24.9 uV, Z tychto hodnot je zreymé, ze 4.4'-bipyndin (A) ma negativny
Seebeckov koeficient, pricom molekula 4 4'-diaminostilbenu (B) wykazuje pozitiviy
Seebeckov koeficient. Pravdare, pre urfenie najpravdepodobnejiej hodnoty Seebeckovho
koeficientu pre dané molekuly by bolo treba uvedenym sposobom vyhodnotit hodnoty
termoelektrického napatia Ju zo Statisticky vyznamného suboru individualnych merani
uvedenych v Obr. 2 a 3 pri roznych hodnotach teplotného rozdielu AT

Ziver

Ciel'om tejto prace bolo ukazat’ novu techniku simultanneho merama vodivost jednotlivych
molekul a Seebeckovho koeficientu. Podl'a dostupnej literatary™” ma molekula A negativnu
hodnotu Seebeckovho koeficientu a molekula B hodnotu porzitivmu. Pre reprezentativne
spojenie elektroda-molekula-elektroda pre molekulu A bola ziskana pozitivna hodnota
termoelektrického napétia /% a pre molekulu B hodnota negativna. Toto meranie teda
ukazuje, ze uvedena metoda je schopna uréit hodnotu Seebeckovho koeficientu. Upresnena
Ciselna hodnota by mala byt urlend pri niekol’kych hodnotach A7 a po analyze vitsieho pottu
experimentalnych hodndt termoelektrickeho napiitia. Navrhnuta metoda sa da jednoduchym
sposobom automatizovat' a predstavuje novy inovativny sposob simultanneho merania
vodivosti jednotlivych molekul (+ a ich Seebeckovho koeficientu 5.

234





















was used with an AglAgCl|IM LiCl reference clectrode separated from the test solution by a
salt bridge (0.44 V against Fe/Fe'). The working electrode was a glassy carbon electrode with
diameter 0.7 mm, The auxiliary electrode was the platinum net. Oxygen was removed from
the solution by passing a stream of argon (99,008%, Messer),

Results and discussion

Cyclic voltammetry of 4 7-dichlora-1, 10-phenanthraline (4a) yields four reduction peak at
potential range from 0.2 V to -2.3V on glassy carbon electrode. The first irreversible
reduction wave occurred at -1.57 V, the peak porential of the second irreversible reduction
peak was =168 V and two others reduction peaks were obtained at =197V and 2,17V,
respectively (Fig. 1A).

For compound containing fluorinc atom at position C5, S-fluoro-4, 7-dichloro-1,10-
phenantroline (4b), cyclic voltammetry yields the same number of reduction peaks at
potentials to -2.4 V on glassy carbon (Fig, 2A). We can observe developing of two additional
reduction peaks in the potential range from -1.2 V (o -1.6 V for both compounds, 4a and 4b,
compare to cyclic voltammetry of Phen (Fig. 3). The first irreversible reduction wave tor 4b
nccurred at =1 47V The other reduction pml: pntmrmlt are <l HIV_ =1 B3V and 7 11V,
respectively (Fig 2A) Cyelie voltammaogram of 4h has a better peak resolution compare to 4a
probably due to the change in the symmetry of the structure and a pronounced inductive effect
of fluorine substiuent. During a cleavage of chloride ™, a radical Phene is formed as a
precursor w the second electon tansler and its reduction is Gacilitated for compound 4b. Two
last reduction peaks ol 4a and 4b correspond 1o active sites on the 1,10-phenanthroline *,

Oxidation propertics of studied compounds arc similar, both compounds 4a and 4b yicld onc
quasireversible one-eleetron wave at 118V and 131V, respectively. Oxidation of
1,10 phenanthroline ring occurs at 2.0 V (Fig. 1B, 2B, 3B). The latter finding 15 in the
agreement with literature, where oxidation potentials of aromatic hydrocarbons are correlated
with their chemical structure. The ease of oxidation increases when n system becomes more
extended.
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Fig. 1. Cyclic voliammograms showing A) reduction and B) oxidation of 0.63 mM da, in
0.1M TBAPFs in acetomitnile, Scan rate was 0.1 V/s.,
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Fig. 2. Cyche voltammaograms showing A) reduction and B) oxidation of (055 mM 4h, 1n
0.IM TBAPFsin acetonitrile. Sean rate was 0.1 V/s.
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Fig. 3. Cyclic voltammograms showing A) reduction and B) oxidation of 0.63 Phen in 0.1M
TBAPFs in acetonitrile. Scan rate was 0.1 V/s,

Conclusions

Obtained electrochemical result will lead to determination of the reduction and oxidation
mechamsm ot selected 4 7-dichloro-1,10-phenantroline denvatives Concerming compound
4h, the influence of the presence of fluonne atom at the position C5 8 important for hoth,
reduction and oxidation potentials. During reduction, the inductive effect of this substituent
facilitates the uptake of the second electron by formed aryl radical as an imermediate during
the ECE reduction process. In the comtrary, oxidation of compound 4b occurs at higher
potentials than oxidation of compound 4a. It means, that compound 4b 1s due w the presence
of fluonne substituent more stable against oxidation than compound 4a UV-Vis and IR
spectrocletrochemistry  and  exhaustive  clectrolysis  accompanicd with the  analytical
chromatographic techniques are planned in other stage of the rescarch,
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ECO-TREND PLUS s.1.0.

E-mall: ecotrendplusi@seznam.cz tel. 266 053 877  tel./ffax 286 890 502

DETEKCNI SYSTEM UNIKU ROPNYCH LATEK

AS-DETECTOIL

Detckéni zafizeni uréené ke zjistovani a monitorovani pfitomnosti ropnych latek, olejd, apod.
na hladiné vody. Zafizeni je certifikovano. Zafizeni je vyuZitelné zejm. v primysiu (energetika,
gistiCky odpadnich vod, ap.), v odlutovacich ropnych latek, v Zivolnim prostfedi aj. — jako
kontrolni a bezpecnostni systém.

POPIS ZARIZENI

Systéem sestava ze sondy o rozmérech 70 x 70 x 30 mm, z vyhodnocovaciho pristroje o
rozmérech 220 x 50 x 150 mm (napajeného napétim 12 V — akumulator, trafo) a z vystupu pro
inatalaci signalizaéniha zafizeni (zvanek, svétin) & pro napojeni requlaéniho, zaznamavého a
Jiného systému,

Zafizeni umoznuje diouhodoby, spolehlivy a bezudribovy provoz, | v prostiedi s nebezpedim
vybuchu, Diky rozmérim sondy lze detektor instalovat napf. i do vrtd nebo na odboéky z potrubi.

TECHNICKE UDAJE
pripojenim na sit 220/50 Hz: 3 5 mA; akumulator nebo trate; vaha 1,9 kg
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ECO-TREND PLUS s.r.0.

E mail: ecotrendplus@seznam.cz tel. 266 053 877 tel/fax 286 890 S02
Dsvadéeny analyzator do kazdé laboratofe, provozu i terénu, vyzkumu i gkal

moderni. citlivy a Siroce vyuzitelny s viasinimi origindinimi US patenty, certifikovany pfistroj

PC ECO - TRIBO voltametricky/POLAROGRAFicky analyzator

» vysoka citlivost » snadna automatizace » idealni pro speciaci
» stolni nebo prenosna verze (pripojeni na stolni PC, laptop <i notebook)

e verze pro DOS, Win 3 x, Ox, Me, 20000, XP
Metoay
» DC adiferencni pulzni voltametnie (DCV a DPV), Cyklicka vollametrie,
DP a Tast ﬂﬂlﬂfﬁgl‘ﬂﬁc
+  Chronopotenciometrie s kenstantnim proudem
Moznost navrhu viastnich metod podle potfeby uZivatele

Elektrody

Miniatumi tuZkova riutova

Zlata, uhlikova (pastova i filmova), stiibma, médéna
MPevné amalgamové

stfibrna, zlata, médéna (meniskova, leéténa, filmova)

- 8 & @

Pouziti
Pro ekoanalyzu (polarografii a valtametrii)

ve vodach, v roztocich a v riznych materidlech (podie CSN, DIN apod.),
v béznych podminkach pro vysoké obsahy | pro stopové koncentrace
1010 az 10-'" molll

« stanoveni kovi (Pb, Cd, Zn, Cu, Fe, Ni, Al, Cr, Hg, As, Mn, Mo, Be), resp.
vétsiny prvkl Mendélejevovy tabulky
stanoveni aniontd (dusiénand, dusitand, CI, CN-, Br, J-, S04, PO+, §%)
sledovini velkého mnoistvi org. litek a Skodlivin (saponatl, herbicidd,
pesticidu, insekticidd, nitrolatek, barviv, biologicky aktivnich latek, surfaktanta
atd ).
Hnﬂnncm;}i Stavu a stupné opotfebeni motord, ropnych oleji a maziv

v beznych podminkach, bez demonlaze

Oblasti aplikaci - dosud nej$irsi laboratorni, provozni, dilenské i terénni praxe
vodohospodarstvi, ekologie, hygiena, zemedelstvi a potravinarstvi, medicina, tarmacie,

geologie, hulnictvi, chemicke a jiné pramyslove zavody, vyzkum, Skolstvi atd,

Analyza véech druhd vod a vodnych roziokd, odpadnich vod, ved z galvanizoven,
prisaki(l, skladek odpadi, vyluhl plad: geslogickyeh vrzorkl: rud: popilkit a prachu
zemédélskych, chemickych a farmaveutickych vzorky, pokryti €SN a vyhl. na vody z asi
80 % atd.

Samozrejmosti je bezplatna konzultace a predvedeni systému. Poskytujeme
kamplexni, odhorny | pogarancéni servis, aodhornou pomaoe a vyvo) analytickych
metodik. Cely systéem je, pro svou jednoduchou ohsiuhu, vhodny pro vyukové
ucely.
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