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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.
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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.

9












n|1 =

0.0 -

-7/l mA

0.1

o 100 200 300 400
tls

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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10 mal I'"y at [IMDE in BR buffer pll 21,40, 60,80 100, 12.0; scan rate 100 mV s b

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 r