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Abstract 

This work is devoted to the study of boron doped diamond as electrode material, its 

properties and use in electroanalytical methods – in voltammetric and subsequently 

amperometric methods in combination with high performance liquid chromatography. 

The series of boron doped diamond films was tested with respect to the effect of 

boron concentration on their morphology, quality, electrochemical and spectral 

properties using scanning electron microscopy, atomic force microscopy, Raman 

spectroscopy, and cyclic voltammetry and differential pulse voltammetry. Further, the 

effect of boron concentration on the determination of selected substances was 

investigated, both for their oxidation (2-aminobiphenyl, benzophenone-3) and for their 

reduction (5-nitroquinoline). 

Furthermore, a voltammetric and amperometric method was developed for the 

determination of a mixture of aminobiphenyls and aminonaphthalenes using a boron 

doped diamond electrode. 

The effects of activation cleaning programs on the signal of benzophenone-3 

were investigated using a boron doped diamond electrode, and the determination of 

benzophenone-3 on boron doped diamond electrode in the presence of the selected 

surfactant was studied. 

Boron doped diamond as carbon-based material was compared with other 

selected carbon materials such as glassy carbon and carbon film and their modifications. 

Their use has been tested for the determination of 1-aminonaphthalene and 

2-aminonaphthalene. 
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Abstrakt 

Tato práce je věnována studiu borem dopovaného diamantu jako elektrodového 

materiálu, jeho vlastnostem a použití v elektroanalytických metodách – ve voltametrii a 

následně amperometrii v kombinaci s průtokovou metodou vysokoúčinné kapalinové 

chromatografie.  

Série borem dopovaných diamantových filmů byla testována s ohledem na vliv 

koncentrace boru na jejich morfologii, kvalitu, elektrochemické a spektrální vlastnosti 

s použitím skenovací elektronové mikroskopie, mikroskopie atomárních sil, Ramanovy 

spektroskopie, cyklické voltametrie a diferenční pulsní voltametrie. Dále byl zkoumán 

vliv koncentrace boru na stanovení vybraných látek, jak jejich oxidací (2-aminobifenyl, 

benzofenon-3), tak jejich redukcí (5-nitrochinolin).  

Dále byla vyvinuta voltametrická a amperometrická metoda pro stanovení směsi 

aminobifenylů a aminonaftalenů s použitím borem dopované diamantové elektrody.  

Byly zkoumány účinky aktivačních čistících programů na signál benzofenonu-3 

při použití borem dopované diamantové elektrody a dále stanovení benzofenonu-3 na 

borem dopované diamantové elektrodě v přítomnosti vybraného surfaktantu.  

Borem dopovaný diamant jako materiál na bázi uhlíku byl porovnán s dalšími 

vybranými uhlíkovými materiály jako skelný uhlík a uhlíkový film a jejich 

modifikacemi. Jejich použití bylo testováno na stanovení 1-aminonaftalenu a 

2-aminonaftalenu.  
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1. Introduction 

This doctoral Thesis was elaborated at the UNESCO Laboratory of Environmental 

Electrochemistry, Department of Analytical Chemistry, Faculty of Science, Charles 

University, where scientific aims are focused on a long-term research in the field of 

development of highly sensitive and selective electrochemical methods for monitoring 

and determination of genotoxic organic compounds, different pollutants or biologically 

active organic compounds important from the environmental, medicinal, 

pharmaceutical, and toxicological point of view, with a special emphasis on the 

development of new types of electrochemical sensors and materials for their 

preparation. The attention of this work is devoted mainly to boron doped diamond 

(BDD) as an electrode material and his properties, suitable for the preparation of new 

electrochemical sensors. Other electrode materials used in this work are glassy carbon 

and carbon film.  

The presented Thesis is based on the following seven scientific publications  

[1-7] which are attached as Appendix parts I – VII. Chapter 3 of this Thesis is divided 

according to these publications.  

 

[1] Zavázalová J., Barek J., Pecková K.: Boron doped diamond electrodes in 

voltammetry: New designs and applications. An overview. In Sensing in 

Electroanalysis. Kalcher K., Metelka R., Švancara I., Vytřas K. (Eds.), 8 (2014)  

pp. 21-34, University Press Centre, Pardubice, Czech Republic. 

 

[2] Schwarzová-Pecková K., Vosáhlová J., Barek J., Šloufová I., Pavlova E., Petrák V., 

Zavázalová J.: Influence of boron content on the morphological, spectral, and 

electroanalytical characteristic of anodically oxidized boron-doped diamond electrodes. 

Electrochimica Acta 243 (2017) 170-182. 

 

[3] Vosáhlová J., Zavázalová J., Schwarzová-Pecková K.: Boron doped diamond 

electrodes: Effect of boron concentration on the determination of 2-aminobiphenyl. 

Chemické Listy 108 (2014) s270-s273.  
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[4] Zavázalová J., Dejmková H., Barek J., Pecková K.: Voltammetric and 

amperometric determination of mixtures of aminobiphenyls and aminonaphthalenes 

using boron doped diamond electrode. Electroanalysis 25 (2013) 253-262.  

 

[5] Zavazalova J., Ghica M. E., Schwarzova-Peckova K., Barek J., Brett C. M. A.: 

Carbon-based electrodes for sensitive electroanalytical determination of 

aminonaphthalenes. Electroanalysis 27 (2015) 1556-1564. 

 

[6] Zavazalova J., Prochazkova K., Schwarzova-Peckova K.: Boron-doped diamond 

electrodes for voltammetric determination of benzophenone-3. Analytical Letters 49 

(2015) 80-91. 

 

[7] Vosáhlová J., Zavázalová J., Petrák V., Schwarzová-Pecková K.: Factors 

influencing voltammetric reduction of 5-nitroquinoline at boron-doped diamond 

electrodes. Monatshefte für Chemie 147 (2016) 21-29.  

 

 

Electroanalytical methods are widely used in scientific studies and in monitoring 

of industrial materials, pharmaceutical compounds, biological samples, and the 

environment. The most widespread methods are voltammetry using various electrode 

materials, and amperometry as detection method in liquid flow techniques. These 

methods permit the screening and determination of a great number of organic 

compounds with detection limits typically in the concentration range 10–6 mol L–1  

‒ 10–7 mol L–1. Among the greatest advantages of electrochemical methods belong the 

rapidity and low operating costs. 

There is a never-ending search for new electrode materials for voltammetric or 

amperometric determination of mentioned substances. For new electrode materials, the 

attention is paid to following basic requirements: broad potential range, high 

signal-to-noise ratio, mechanical robustness enabling measurements in flowing systems, 

compatibility with organic solvents making them compatible with high performance 

liquid chromatography (HPLC), flow injection analysis or capillary electrophoresis with 

electrochemical detection and resistance towards surface passivation. The last 
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requirement is especially important because electrode fouling is a serious complication 

limiting applications of electroanalytical methods in practice.  

Further, the scientists’ search for non-toxic electrode materials friendly to the 

environment, compatible with the concept of “green analytical chemistry”. One of the 

newest electrode materials – boron doped diamond – is compatible with above 

mentioned requirements and thus investigation of its mechanical, physical and 

electrochemical properties and its implementation in practice is of big concern.  

Electrochemistry of diamond as a new research field was opened by the first 

studies in the eighties. In 1983 Iwaki et al. suggested the ion-implanted diamond 

electrodes [8], in 1987 a current-potential curve was recorded and the differential 

capacitance at the polycrystalline-diamond/electrolyte interface was measured for the 

first time [9]. In 1992, research group of Fujishima introduced polycrystalline boron 

doped diamond thin films [10, 11]. In 1993, Tenne et al. reported the application of 

BDD for the electroreduction of nitrate to ammonia [12], Swain and Ramesham 

reported the suitability of BDD for analytical applications [13], and Ramesham et al. 

indicated the advantage of BDD for dimensionally stable anodes in electrochemical 

waste treatment [14]. 

In recent years, BDD electrodes have been receiving increasing attention for 

applications in electroanalytical methods, as summarized in several reviews [15-19]. 

Due to the number of advantages over traditionally employed electrodes (e.g., glassy 

carbon or platinum electrodes), such as extreme hardness, high corrosion resistance, 

very low and stable background current, and a wide working potential window, 

microstructural stability at extreme cathodic and anodic potentials, chemical inertness, 

high thermal conductivity, low sensitivity to dissolved oxygen, electrochemical stability 

in both alkaline and acidic media, good responsiveness for many redox analytes without 

pretreatment, and resistance to electrode fouling, boron doped diamond electrodes are 

applicable to voltammetric or amperometric determination of both oxidizable and 

reducible substances with limit of determination down to 10–8 mol L–1 without any 

preconcentration step [20]. 

Over the past twenty-five years, BDD research has developed in these five main 

directions: (1) use of BDD electrodes in electroanalysis for detection of organic and 

inorganic species in environmental, biological and pharmaceutical matrices [4, 16, 17, 
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19, 21-24]; (2) electrochemical disinfection of drinking and bathing water [25-28]; 

(3) electrochemical oxidation of environmental pollutants at BDD anodes proposed for 

their quantitative conversion or destruction in wastewaters [29-34]; (4) developing of 

BDD-based sensors and biosensors [35, 36]; and (5) electrochemical synthesis, in 

particular in the production of strong inorganic oxidizing agents (e.g. peroxodisulfuric 

acid [37, 38], hydrogen peroxide, ozone, chlorine [39], or ferrates [40]), or in electro 

organic synthesis [41-45]. More information on these topics can be found also in 

general review [18] and monographs [46, 47]. 

The properties of BDD films are fundamentally influenced by the quantity and 

kind of the doping agent, morphologic factors and defects in the film, presence of 

impurities (sp2 carbon), crystallographic orientation, and surface termination (most 

frequently oxygen or hydrogen). While the former factors are given by the preparation 

method, the latter can be determined by post-preparation procedures including 

electrochemical pretreatment. [19, 48, 49] 

Boron doped diamond electrode belongs among carbon-based electrodes. 

Carbon is one of the most abundant elements found on Earth. It is the basis of life and 

all organic chemistry and it occurs freely in crystalline forms such as diamond and 

graphite. Carbon-based electrodes are generally of low cost and they have wide useful 

potential range, and significantly lower background oxidation currents which are the 

important advantages over metallic electrodes. All common carbon-based electrode 

materials share the basic structure of a six-member aromatic ring and sp2 bonding but 

differ in the relative density of the edge and basal plane toward electron transfer and 

adsorption. For electrochemistry, the edge plane exhibits considerably faster electrode 

kinetics in comparison with the basal plane. The high degree of delocalization of 

electrons together with weak Van der Waals forces provides good electrical 

conductivity. [50] 

The best-known carbon-based electrodes are glassy carbon, carbon paste, carbon 

fiber, screen printed carbon strips, carbon films, pyrolytic graphite, fullerenes, wax 

impregnated graphite, Kelgraf, carbon nanotubes, reticulated vitreous carbon, and boron 

doped diamond. The analytical use of these electrode and examples are summarized in 

reviews [50-54].  
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Glassy carbon is frequently used as an inexpensive electrode material with 

excellent electrical and mechanical properties, wide potential range, extreme chemical 

inertness, high resistance to acid attack, impermeability to gases and relatively 

reproducible performance [55]. It is practically gas-tight and exhibits an extremely low 

porosity. Glassy carbon has a low density, low thermal expansion, high corrosion 

resistance and high thermal and electrical conductivities. It is easily mounted and 

compatible with all common solvents. It is prepared by subjecting the organic 

precursors to a series of heat treatments at temperatures up to 3000 °C [56-58]. The 

earliest structural models assumed that both sp2- and sp3-bonded carbon atoms were 

present [59]. This structure was suggested to be composed of tetrahedral domains, 

perhaps linked by short oxygen-containing bridges. After this earlier model, a lot of 

structural models were suggested. However, it is now known that glassy carbon 

contains only sp2 carbon atoms [57, 60]. The structure of glassy carbon consists of 

graphitic planes randomly organized in a complexed topology. Nearly all glassy carbon 

electrodes are successively polished with smaller alumina particles (0.05 µm) on a 

smooth polishing cloth or on filter paper to create active and reproducible surface and to 

enhance its analytical performance. Some additional activation steps have also been 

used such as electrochemical, chemical, vacuum heat, or laser treatment, etc. [57, 58]. 

Glassy carbon electrodes can be used in many different application areas. [50, 51]  
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2. Boron doped diamond 

2.1 Preparation of BDD 

For almost five decades, chemical vapor deposition (CVD) has been the most 

commonly used technique to synthesize diamond films, as reviewed in [61]. Various 

CVD techniques have been invented and applied to fabricate diamond films, including 

hot filament CVD (HF-CVD) [62], microwave plasma CVD (MP-CVD) [49], plasma 

enhanced CVD [63], electron assisted CVD [64], and direct current plasma CVD [65].  

The common BDD films used in electroanalysis can be grown on Si supports 

from dilute mixtures of a hydrocarbon gas in hydrogen using one of several 

energy-assisted chemical vapor deposition methods. These methods mainly differ in the 

way the gas activation is accomplished. A carbon containing gas, most frequently 

methane, is energetically activated to decompose its molecules into methyl-radicals and 

atomic hydrogen and followed by their deposition on a suitable substrate. The substrate, 

typically silica wafers (also Pt, Nb, Ta, W, Ti) is pretreated by cleaning with a series of 

solvents and seeded with small particles by polishing the substrate with diamond 

powder. The embedded particles serve as nucleation centers for film growth. [66] 

Typical growth conditions are: 0.3 – 1.0 % CH4 in H2, pressures of 10 – 150 torr, 

substrate temperatures of 700 – 1000 °C, and microwave powers of 1000 – 1300 W, or 

filament temperatures up to ~ 2800 °C, depending on the methods used. The film grows 

by nucleation at rates in the 0.1 – 2 m h–1 range. For the substrates to be continuously 

coated with diamond, the nominal film thickness must be ~ 1 m. Boron doping is 

accomplished from the gas phase by mixing boron-containing compounds such as B2H6, 

trimethylborane or B2O3 with the source gases, or from the solid state by gasifying 

a piece of hexagonal boron nitride. In the solid-state approach, diborane is produced by 

the interaction of atomic hydrogen with hexagonal boron nitride and is then 

incorporated into the gas flux to the substrate. The doping level can be as high as 

10000 ppm of boron, resulting in film resistivity < 0.1 Ω cm [67, 68]. The resulting 

films differ in quality and morphology − microcrystalline films are characterized by 

crystallite size ˂ 1 – 5 m, nanocrystalline films 10 – 500 nm [69-71]. It is generally 

accepted that the quality of MP-CVD films, i.e. content of sp2 impurities and structure 

defects is enhanced compared with HF-CVD films. 
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2.2 Availability of BDD electrodes 

BDD electrodes are available from different sources: (i) from own laboratory-made 

systems; (ii) from commercial growth systems, e.g., Seki Diamond Systems (USA) 

[72], PLASSYS Bestek (France) [73], Diamond Materials (Germany) [74], Microwave 

Enterprises (USA) [75]; (iii) from commercial companies (representative companies 

listed in Table 1).  

 

Table 1 List of representative commercial suppliers of BDD materials. 

BDD supplier Material properties Ref. 

Condias (Germany) BDD electrodes coated on Nb, Ta, Si, graphite, conductive 

ceramics (HF-CVD) 

geometry: plates, mesh, pins and combinations thereof 

areas up to 100 x 50 cm² 

thickness up to 15µm 

[76] 

Element Six (UK) “as grown” polycrystalline BDD in wafer form (CVD) 

individual pieces 10 x 10 mm and 5 x 5 mm 

thickness 0.6 and 0.45 mm 

[77] 

NeoCoat (Switzerland), 

previously Adamant 

Technologies 

BDD electrodes coated on Si or metal substrates (HF-CVD) 

geometry: rectangle, disc, square 

thickness from less than 100 nm up to more than 25 μm 

[78] 

sp3 Diamond 

Technologies (USA) 

BDD electrodes coated on graphite, Nb, Si, silicon carbide, Ti, and 

W (HF-CVD) 

thickness from 3 to 50 µm 

[79] 

Windsor Scientific 

(UK), since 2019 

BioLogic SAS (France) 

3mm diameter electrodes in an inert Teflon body or individual 

pieces (both sides polished, 10 x 10, 5 x 5 or 3 x 3 mm2) 

thickness ~0.5 mm  

[80] 

 

 

2.3 Characterization of BDD surface 

The main factors influencing the properties and quality of the BDD are the content of 

non-diamond carbon impurities, the structural defects in the diamond film, the boron 

doping level, the size of the diamond crystallites, the crystallographic orientation, and 

the surface termination. The analytical techniques commonly used to characterize these 
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morphological and spectral properties are for example scanning electron microscopy 

(SEM), atomic force microscopy (AFM) and Raman spectroscopy.  

For the visualization of the surface, the scanning electron microscopy can be 

used. This method characterizes the morphologic features of BDD films, e.g., grain size, 

orientation and surface coverage [81]. Morphology of diamond includes the cubic 

{100}, the dodecahedral {110}, the octahedral {111}, and more complicated shapes. It 

is known the crystallographic orientation affects boron uptake, with  

{111} > {110} > {100} [82]. Atomic force microscopy is often employed in 

conjunction with scanning electron microscopy in order to accurately determine grain 

size and define surface roughness [83]. Representative AFM and SEM micrographs of 

the surface of some of BDD films utilized in studies of the Author [2, 3, 6, 7] are 

depicted in Figure 1. 
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Figure 1 Atomic force micrographs (A – C) and scanning electron micrographs (D – F) 

of the surface of BDD films with boron content 500 ppm (A + D), 2000 ppm (B + E), 

and 8000 ppm (C + F). The same magnification, adjusted from [2].  
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Raman spectroscopy is routinely used for the characterization of diamond films 

due to its sensitivity to sp3 carbon and to the content of non-diamond sp2 carbon 

impurities. The sp3 carbon (in pure diamond) shows in Raman spectra a single sharp 

peak at 1332 cm–1. At the metallic levels of doping, the diamond phonon line  

at 1332 cm–1 exhibits asymmetry and a shift to lower wavenumbers, coming from the 

Fano interference of this one phonon band induced by quantum mechanical interference 

between the discrete phonon and electronic continuum. [83] 

Cyclic voltammetry is often used to study the electrochemical response of BDD 

films, to evaluate kinetics of electron transfer and to give an insight into the condition of 

BDD surface. Several inner-sphere (e.g. [Fe(CN)6]
3–/4–, dopamine, Fe3+/2+) and 

outer-sphere (e.g. [Ru(NH3)6]
3+/2+, [IrCl6]

2–/3–, [IrCl4]
3–/4–, ferrocene+/–) redox systems 

can serve as probes [52]. Cyclic voltammetric I–E curves can serve to evaluate character 

of the redox process (diffusion or adsorption controlled, value of apparent heterogenous 

electron-transfer rate constant k°
app from the peak potential difference between cathodic 

and anodic peak ΔEp or Ipa/Ipc ratio) [84]. 

 

2.4 Concentration of boron 

The boron doping level is one of the main factors influencing properties of BDD such as 

the film morphology, conductivity, and electrochemical properties [81, 85-87]. 

Depending on the boron content, the electrical conductivity of the BDD films ranges 

from insulating through semiconductive to metallic (details in [2]). Practically, the 

boundary boron content of about (1 – 3) × 1020 cm−3 [88, 89] or higher (4.5 × 1020 cm−3 

[90]) were reported and it seems that these concentrations are sufficient to achieve fast 

electron transfer typical for metallic-type conductivity, which is preferred in 

electrochemical applications. Films with [B] > 3 × 1020 cm−3 are denoted as heavily 

doped BDD films [91]. 

Some papers paid attention to the influence of boron content on the physical and 

electrochemical characteristics of BDD films [81, 85, 86, 92, 93], effectivity of 

electrocatalytic anodic oxidation of organic pollutants [65, 94-96], surface resistivity 

towards fouling [97], and analytical parameters of determination of selected inorganic 

ions [93, 98]. Only few of these studies deal with the influence of the boron content on 

electroanalytical characteristics of the BDD films, including the width of the potential 



21 

window [99-102] or voltammetric response for selected organic analytes such as 

2-aminobiphenyl (2-AB) [2], benzophenone-3 (BP-3) [6], dopamine [97], 

4-chloro-3-methylphenol [103], and 5-nitroquinoline [7].  

 

2.5 Surface termination, pretreatment and activation 

Pretreatment of the electrode surface determining attached chemical functionalities can 

be applied for its activation (preventing the passivation of electrode surface), and 

enhancement of voltammetric signals of studied compounds ensuring their repeatable 

and reproducible response. The surface of the BDD electrode can be 

hydrogen-terminated (H-terminated) and oxygen-terminated (O-terminated). The 

as-deposited diamond surface by CVD procedure is H-terminated, because the films are 

grown under hydrogen plasma or in a hydrogen atmosphere. The type of surface 

termination strongly influences the hydrophobicity/hydrophilicity and thus the wetting 

properties of the surface and further influences the polarity of the surface bonds 

resulting in electrostatic interactions which can raise or lower the energy levels of the 

valence and conduction bands of the BDD [83]. 

At the beginnings many studies were presented to be performed at “as-grown”, 

H-terminated BDD electrodes [13, 104, 105]. This approach is outdated, because the 

maintenance of H-termination is complicated due to the easy electrochemical oxidation 

and even oxidation of BDD surface by air oxygen [102]. Also, the O-terminated surface 

can be easily formed by exposing the surface to oxygen plasma, boiling in strong acid 

or electrochemical exposure to the high anodic potential in the region of water 

decomposition, which is the most common approach in electrochemical studies  

[106, 107]. At BDD electrode, water decomposes according to the following equation:  

 (Eq. 1) 

Quasi-free OH•radicals are in close vicinity of the BDD surface and the subsequent 

reactions include their reactions with each other and/or reactions with intermediates,  

e.g. H2O2 and O2H• radicals including further electron transfers leading to O2 (details in 

ref. [108, 109]). Technically, most frequently highly positive current densities (typically 

units to tens of mA cm‒2) or potentials ( > +2.0 V) applied for few seconds to minutes 

are used to achieve sufficient O-termination (often directly in the analyte solution as 

−+• ++→ eH(BDD)HOO(BDD)H2
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a surface renewal/activation step between individual measurements). It was reported 

that even tens of seconds may lead to almost complete oxidation when sufficiently high 

potentials are applied ( > +3.0 V vs. a platinum counter electrode in 1mol L–1
 sulfuric 

acid or 0.5mol L–1 nitric acid solution) [110]. 

The anodic pretreatments leads to incorporation of oxygen atoms on the BDD 

surface mostly through the carbon reaction with OH• radicals generated according to the 

equation (1) in aqueous media (pH<9.0) [111]. Once the O-terminated surface is 

obtained, its re-hydrogenation is achievable either by hydrogen-flame annealing or 

hydrogen-plasma treatment, which requires adequate equipment, or more simply by 

cathodization of the surface. The type and distribution of oxygen-containing chemical 

functionalities on the polycrystalline BDD surface is dependent on the boron doping 

level [112], grain size, and proportion of different grain orientations [83]. The 

O-terminated BDD does not exhibit a measurable surface conductivity, in contrast to 

H-terminated surface [102] which can be utilized in studies of the BDD surface 

oxidation. As follows from studies with redox probes such as [Fe(CN)6]
4−/3− or various 

organic analytes [48, 83], O-terminated BDD exhibits slower heterogenous electron 

transfer compared to H-terminated BDD. [113] 

Anodic activation is very effective in the case of passivation of the electrode 

surface by products of the analyte conversion, because OH radicals (eq. 1) are powerful 

oxidizing agents capable of oxidation of polymeric films formed at the electrode surface 

as results of electrochemical processes of analytes and their reaction by-products. The 

easiest way to activate the surface is to apply the positive potential directly in the 

measured solution. Examples of this strategy are the following studies on the 

development of electrochemical methods for determination of aromatic amines 

(aminonaphthalenes and aminobiphenyls [4]), and phenolic compounds 

(4-chloro-3-methylphenol [103], m-cresol [114], homovanillic and vanillylmandelic 

acid [115]). These species are generally considered as problematic surface-fouling 

substances (at any electrode) since their electrooxidation involves radical species that 

easily oligomerize or polymerize. Other compounds such as benzophenone-3 required 

ex situ activation in 0.5 mol L–1 H2SO4 by switching between potentials +3, −3, +3, −3, 

+3 V, each for 10 s [6]. As an example, Figure 2 represents differential pulse 

voltammograms of 2-aminobiphenyl at BDD. The effectivity of anodic activation before 
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each scan preventing electrode passivation is clearly demonstrated in Figure 2C. The 

peak height repeatability characterized by relative standard deviation is 2.7 %, and 

anodic pretreatment is thus favorable compared with cathodic pretreatment, leading to 

instability of voltammetric responses (Figure 2B). 
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Figure 2 Influence of the electrode pretreatment on the differential pulse 

voltammograms of 2-aminobiphenyl (c = 5 × 10–5 mol L–1) in Britton–Robinson buffer 

pH 7.0. Measured on BDD without pretreatment (A) and with pretreatment consisting 

of stirring and applying the potential of –2.4 V (B) or +2.4 V (C) for 15 s on working 

electrode in measured solution between individual measurements. The number of scans 

is indicated in individual figures. Adjusted from [1]. 

 

 

The H-termination can be achieved using high negative potentials (~ ˂ –2.0 V) 

in the region of hydrogen evolution reaction or negative current densities. The 

H-terminated surfaces are more hydrophobic than the O-terminated ones, exhibiting 

measurable surface conductivity [83]. The cathodic pretreatment has to be applied just 

before the electrochemical experiments to ensure reliable and reproducible results, 

especially when the electrode has not been used for a long period of time due to its 

instability in air (thus from the practical point of view, the cathodic pretreatment is less 

user-friendly). For cathodically pretreated BDD exposed to air for 30 days, increase of 

superficial content of oxygen, accompanied by loss of the surface conductivity, was 

confirmed by X-ray photoelectron spectroscopy measurements [112]. Interestingly, it 

seems that increased boron content has stabilizing effect on the H-termination [81, 112]. 

Suffredini et al. presented faster heterogenous electron transfer for [Fe(CN)6]
4−/3−, signal 
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increase and improved repeatability for selected chlorophenols on H-terminated 

electrode [48]. 

Cathodic pretreatment and/or activation of the electrode based on application of 

negative potentials is another way to modify BDD surface and/or to reactivate it when 

passivated. Examples may be the following studies on the comparison of voltammetric 

response after anodic and cathodic pretreatment: azo dyes tartrazine and allura red 

[116], phenolic compounds homovanillic and vanillylmandelic acid [117], and reducible 

nitro group containing 5-nitroquinoline [7]. Figure 3 represents its differential pulse 

voltammograms recorded at O-terminated BDD and H-terminated BDD. Cathodic 

activation has led to significant shift of peak potential to less negative values (indicating 

easier reduction of the analytes) and faster electron transfer recognizable by narrowing 

of voltammetric peaks recorded in the differential pulse mode. 
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Figure 3 Differential pulse voltammograms of 5-nitroquinoline (c = 1 × 10−4 mol L–1) 

in 0.1 mol L–1 acetate buffer pH 5.0 using different pretreatment of the BDD electrode 

in 0.5 mol L–1 H2SO4: (A) anodic pretreatment (E = +2.4 V for 5 min), (B) cathodic 

pretreatment (E = −2.4 V for 10 min). BDD electrode B/C ratio 4000 ppm, scan rate 

20 mV s–1, adjusted from [7]. 
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Another way to obtain a clean and defined BDD surface is mechanical polishing. 

The interest of analytical chemists in this possibility is decreased because of the 

devaluation of the main advantages of BDD electrodes – a possibility to omit the 

manual manipulation with the electrode by using solely electrochemical activation  

in situ. Already in 2002, reversible electron transfer for Fe2+/Fe3+ redox couple of the 

heme unit of cytochrome c at alumina polished BDD surface was reported [118]. Some 

later studies mentioned potential shifts and current increases of voltammetric signals at 

the same electrode [119]. Recently, the attention was paid to characterization of these 

surfaces and their rational utilization in electroanalysis. Results of X-ray photoelectron 

spectroscopy show a dramatic difference between the alumina polished surface and 

anodized surface, although both are reported to bear oxygenous groups [102].  

For mechanical polishing of BDD electrodes alumina slurry and silk cloth is 

commonly used. Polishing is performed for few seconds to several minutes to 

efficiently remove films covering the electrode surface. Once it has been completed, the 

electrode surface must be carefully rinsed with distilled water to remove all traces of the 

polishing material. An example of mechanical polishing is the study of determination of 

benzophenone-3 on BDD in presence of surfactant cetyltrimethylammonium bromide 

[6]. Because fouling of the BDD electrode surface was observed, it was mechanically 

polished by alumina before each scan to provide good repeatability (relative standard 

deviation of peak height in differential pulse voltammetry was 5 % for 1 × 10−4 mol L–1 

benzophenone-3). The positive effect of polishing on the kinetics of redox reactions on 

the BDD electrode is evident from cyclic voltammograms (Figure 4) of 

a surface-sensitive redox marker [Fe(CN)6]
3–/4–. The difference between the anodic and 

cathodic peak potentials ΔEp prior and after 3 min of polishing by alumina decreased 

from 397 mV to 206 mV. Further repetitive polishing (four times for three minutes) 

resulted in a further decrease of ΔEp to 114 mV. This positive effect of polishing on the 

reversibility of [Fe(CN)6]
3–/4– has been reported previously [102, 120]. 
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Figure 4 Selected cyclic voltammograms of 1 × 10−3 mol L–1 [Fe(CN)6]
3–/4– in  

1 mol L–1 KCl measured at the BDD electrode at a scan rate of 100 mV s–1. Alumina 

polishing for (1) zero minutes; (2) three minutes, and (3) fifteen minutes. The third 

cycle is depicted, adjusted from [6]. 

 

2.6 Analytical applications 

Following Table 2 summarizes selected voltammetric methods developed for the 

detection of organic compounds on bare BDD electrodes. For each analyte, the table 

contains characterization of used BDD electrode, electroanalytical method, conditions, 

pretreatment/activation, achieved limit of detection, eventually matrix. The table 

enables an insight in the progress in applications of BDD electrodes in last few years. 

A wide range of oxidizable or reducible organic analytes was studied using BDD 

electrodes: neurotransmitters, their metabolites and precursors; monocyclic and 

polycyclic aromatic hydrocarbons or heterocycles; phenolic compounds and hydroxy 

derivatives of polycyclic aromatic hydrocarbons; pharmaceuticals and therapeutics; 

food and beverage components and additives and pesticides. BDD electrodes are used 

as-deposited, but more often anodic or cathodic electrochemical pretreatment or 

mechanical polishing is applied. 
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Table 2 Selected examples of organic compounds using voltammetric methods on bare BDD electrodes.  

analyte pretreatment/BDD electrode electroanalytical method, 

conditions,  

activation program (ACT) 

LOD  

(μmol L−1) 

determination in 

samples 

Ref. 

Neurotransmitters, their metabolites and precursors 

dopamine (DA) 

pyridoxine (B6)  

as-deposited/Ta substrate, 

EA-HFCVD porous BDD electrode 

DPV in 0.1M phosphate buffer  

pH 7.0 

DA: 0.06A 

B6: 0.22A 

simultaneous in 

human serum 

[121] 

homovanillic acid (HVA) 

vanillylmandelic acid (VMA) 

 

AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; AP: +2.4 V 

20 min in 0.1M H2SO4 

DPV in 0.1M phosphate buffer  

pH 3.0;  

ACT: +2.4 V 30 s in stirred 

analysed solution 

HVA: 0.6B 

VMA: 0.4B 

--- [115] 

vanillylmandelic acid CP/BDD film deposited on the tip of Ti 

wire by MW-PECVD, B/C 2000 ppm;  

CP: –1.0 V 15 s  

DPV in 0.1M NaOH pH 13;  

ACT: –1.0 V 15 s between each 

measurement 

2.2C --- [122] 

Monocyclic and polycyclic (substituted) aromatic hydrocarbons/heterocycles  

2-aminobiphenyl AP/BDD films deposited on Si (100) 

wafer by MW-PECVD, variable B/C ratio 

500, 1000, 2000, 4000, and 8000 ppm;  

AP: +2.4 V 180 s in 0.1M H2SO4 

DPV in 0.04M BR buffer pH 7.0;  

ACT: +2.4 V 30 s in analysed 

solution  

500: 0.72D 

1000: 0.48D 

2000: 0.80D 

4000: 0.48D 

8000: 0.21D 

 [2] 

1-aminonaphthalene AP/microcrystalline BDD film deposited 

on p-Si (111) by MWCVD; AP: +2.4 V 

15 s in stirred analysed solution 

DPV in 0.04M BR buffer pH 2.0;  

ACT: +2.4 V 15 s in stirred 

analysed solution 

1.4D --- [5] 
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anthranilic acid 

(2-aminobenzoic acid, AA) 

salicylic acid 

(2-hydroxybenzoic acid, SA) 

PCP/commercial BDD (Windsor 

Scientific, UK), B/C ratio 1000 ppm;  

PCP: one cycle from +1.6 V to –1.0 V  

in 0.2M H2SO4 

LSV in 0.1M phosphate buffer  

pH 7.02 with 16% ethanol 

AA:3.79 

SA: 0.80 

commercial 

samples of plant 

growth stimulants 

[123] 

ethylone PCP/commercial BDD film (NeoCoat SA, 

Switzerland), B/C ratio 8000 ppm,  

PCP: from +30 mA cm–2 30 s  

to –30 mA cm–2 150 s in 0.5M H2SO4 

SWV in 0.5M H2SO4;  

ACT: 20 cycles from +1.0 V  

to +1.6 V in 0.5M H2SO4 

3.7E seized street drug 

samples 

[124] 

N-hydroxysuccinimide AP/BDD films deposited on Si (100) 

wafers by MW-PECVD;  

AP: +3.0 V 30 min in 0.1M HClO4 

LSV in 0.1M NaHCO3 10.9A --- [125] 

5-nitroquinoline AP or CP/MW-PECVD BDD film, B/C 

ratio 4000 ppm; AP: +2.4 V 5 min in 0.5M 

H2SO4; CP: –2.4 V 10 min in 0.5M H2SO4 

DCV and DPV in 0.1M acetate 

buffer pH 5.0 

           AP/CP 

DCV: 2.7/4.7F 

DPV: 0.20/0.50F 

--- [7] 

uric acid  as-deposited/lab-made BDD by HFCVD, 

B/C ratio 2000 ppm 

DPV and SWV in 0.04M BR buffer 

pH 2.25 

7.7E  human urine 

samples 

[126] 

Phenolic compounds and hydroxy derivatives of polycyclic aromatic hydrocarbons 

benzophenone-3 AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; AP: +2.4 V 60 s 

in 0.5M H2SO4 

AP/lab-made BDD films deposited on Si 

by MW-PECVD variable B/C ratio 2000, 

4000, and 8000 ppm; AP: +2.4 V 60 s in 

0.5M H2SO4 

DPV in 0.01M NaOH + surfactant 

0.1 mM CTAB; ACT: polished 

with alumina before measurement; 

DPV in 0.04M BR buffer pH 12.0; 

ACT: switching of potentials +3 V 

and –3 V each 10 s in 0.5M H2SO4 

between each measurement 

0.1F 

 

 

2000: 1.5F 

4000: 1.9F 

8000: 0.8F 

--- [6] 
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catechol (CT) 

hydroquinone (HQ) 

resorcinol (RS) 

AP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

AP: +10 mA cm–2 30 min in 1M HClO4 

DPV in 0.05M H2SO4 CT: 16.34G 

HQ: 15.47G 

RS: 19.23G 

--- [127] 

hydroquinone as-deposited/lab-made BDD deposited on 

Ta substrate by EA-HFCVD 

DPV in phosphate buffered saline 

pH 7.0 

0.59A --- [128] 

1-naphthol (1NAP) 

2-naphthol (2NAP) 

CP/commercial BDD film (NeoCoat, 

Switzerland), B/C ratio 10000 ppm;  

CP: –100 mA cm–2 180 s in 0.5M H2SO4) 

DPV in 0.05M H2SO4 1NAP: 0.05A 

2NAP: 0.10A 

spiked lake water 

and synthetic urine 

samples 

[129] 

pyrogallol  as-deposited/commercial BDD (Windsor 

Scientific, UK), B/C ratio 1000 ppm 

LSV in 0.18M H2SO4 0.85 biofuels [130] 

quercetin CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: –1.4 V 180 s in 0.5M H2SO4 

SW-AdSV in 0.1M acetate buffer 

pH 4.7 + surfactant 300M CTAB; 

ACT: –1.4 V 60 s in 0.5M H2SO4 

between each measurement 

0.00044B apple juice [131] 

resveratrol CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm,  

CP: –1.5 V 180 s in 0.5M H2SO4 

SW-AdSV in 0.1M HNO3  

+ surfactant 0.1 mM HDTMAB,  

ACT: –1.5 V 60 s in 0.5M H2SO4 

between each measurement 

0.0276E dietary supplements [132] 
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tetrabromobisphenol A PCP/BDD film deposited on Si substrate 

by HFCVD, B/C ratio 1000 ppm;  

PCP: +3.0 V 100 s in 0.05M H2SO4 and  

–3.0 V 100 s in 0.05M H2SO4, then 15 

cycles from +0.3 V to +0.8 V in 0.1M 

phosphate buffer pH 8.0 

CV in 0.1M phosphate buffer  

pH 8.0 

0.027A spiked river water 

samples 

[133] 

Pharmaceuticals and therapeutics 

acetaminophen (AC) 

caffeine (CF) 

carisoprodol (CR) 

AP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

AP: +0.5 A cm–2 30 s in 0.5M H2SO4 

DPV and SWV in 0.04M BR buffer 

pH 6.0 

       DPV/SWV 

AC:1.17/0.768E 

CF:0.133/0.771E 

CR:1.84/3.11E 

simultaneous in 

pharmaceutical 

formulations 

[134] 

alprazolam CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; CP: softly 

rubbed with damp silk cloth, then +2.0 V 

60 s and –2.0 V 30 s in 1M H2SO4 

DPV in 0.04M BR buffer pH 5.0 0.64 pharmaceutical 

formulations 

[135]  

amiloride (AR) 

amlodipine (AD) 

atenolol (AT) 

hydrochlorthiazide (HCT) 

AP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

AP: +0.5 A cm–2 30 s in 0.5M H2SO4 

SWV in 0.1M ammonium buffer 

pH 9.0 

AR: 0.09E 

AD: 0.30E 

AT: 0.06E 

HCT: 0.08E 

simultaneous in 

pharmaceutical 

formulations and 

spiked tap water 

samples 

[136] 

amlodipine (AD) 

atorvastatin (AV) 

AP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

AP: +0.5 A cm–2 30 s in 0.5M H2SO4 

DPV and SWV in 0.04M BR buffer 

pH 4.0 with 10% methanol (v/v) 

        DPV/SWV 

AD:0.078/0.028E 

AV:0.904/0.383E 

simultaneous in 

pharmaceutical 

formulations  

[137] 
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ascorbic acid PCP/BDD electrode, B/C ratio 8000 ppm; 

PCP: from –2.0 V to +2.0 V in 1.5M 

H2SO4 until stable signal was observed 

(cca 5 cycles) 

DPV in 0.04M BR buffer pH 4.0 1.1D pharmaceutical 

formulations  

[138] 

atenolol (AT) 

nifedipine (NI) 

 

AP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

AP: +0.5 A cm–2 30 s in 0.5M H2SO4 

SWV and DPV in 0.1M TRIS 

buffer pH 8.0 

      SWV/DPV 

NI:0.685/0.612E 

AT:0.370/0.999E 

simultaneous in 

pharmaceutical 

formulations 

[139] 

benzocaine  AP/screen-printed BDD electrode 

(CBDD110, Dropsens, Spain), B/C ratio 

2500 ppm;  

AP: +2.0 V 40 s in 1M HNO3 

DPV and SWV in 0.04M BR buffer 

pH 4.0 

DPV: 0.08D 

SWV: 0.10D 

pharmaceutical 

formulations and 

spiked human urine 

samples 

[140] 

bromazepam 

 

CP/BDD film deposited on n-Si (100) 

wafer by HF-CVD, B/C ratio 1000 ppm; 

CP: softly rubber with damp silk cloth, 

then +2.0 V 60 s and –2.0 V 30 s in 1M 

H2SO4 

DPV in 0.04M BR buffer pH 11.0 0.31 pharmaceutical 

formulations 

[135] 

caffeine (CAF) 

paracetamol (PAR) 

propyphenazone (PRO) 

CP/commercial BDD film (NeoCoat, 

Switzerland), B/C ratio 8000 ppm;  

CP: –0.01 A 1000 s in 0.1M H2SO4) 

SWV in 0.1M H2SO4 CAF: 0.031 

PAR: 0.033 

PRO: 0.039 

simultaneous in 

pharmaceutical 

formulations 

[141] 

cefalexin  PP/commercial BDD (Windsor Scientific, 

UK) with B/C of 1000 ppm; PP: polished 

with alumina before measurements 

DPV in 0.2M acetate buffer pH 4.5, 

ACT: polished with alumina 

between each measurement 

0.10H pharmaceutical 

formulations, 

spiked river water 

and human urine 

[142] 
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cetirizine CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: –3.0 V 300 s in 0.6M H2SO4) 

DPV in 0.1M phosphate buffer  

pH 8.0 

0.016D pharmaceutical 

formulations and 

spiked human urine 

[143] 

ciprofloxacin PCP/BDD film deposited on n-Si (100) 

wafer by HFCVD, B/C ratio 20000 ppm; 

PCP: 15 cycles from –2.0 V to +2.0 V 

100 mV s–1 in 1.5M H2SO4 

SWV in 0.1M ammonium acetate 

buffer pH 5.0 

0.05D spiked human urine 

samples 

[144] 

colchicine CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; CP: rubbed on a 

piece of damp silk cloth, then +2.0 V 180 s 

and –2.0 V 180 s in 1M H2SO4 

DPV in 0.04M BR buffer pH 7.5 0.26D pharmaceutical 

formulations and 

human serum 

samples 

[145] 

enrofloxacin  AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

AP: +1.8 V 180 s in 0.5M H2SO4 

SW-AdSV in 0.1M HNO3  

+ surfactant 0.9mM SDS,  

ACT: +1.8 V 60 s in 0.5M H2SO4 

between each measurement 

0.0159B pharmaceutical 

formulations and 

spiked human urine 

samples 

[146] 

febuxostat  AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 pm;  

AP: rubbed on a piece of paper,  

then +2.0 V 90 s in 0.5M H2SO4 

SWV in 0.04M BR buffer pH 5.0; 

ACT: rubbed on a piece of paper, 

then +2.0 V 90 s in 0.5M H2SO4 

between each measurement 

0.095E pharmaceutical 

formulations 

[147] 

flutamide  PP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

PP: rubbed with a piece of damp silk cloth  

DPV and SWV in 0.1M H2SO4 DPV: 0.42D 

SWV: 0.21D 

pharmaceutical 

formulations, 

spiked human urine 

and water samples 

(river, well, tap) 

[148] 
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hydrochlorthiazide (HYD) 

ramipril (RAM) 

CP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm; CP: +0.5 A cm–2 30 s and  

–0.5 A cm–2 120 s in 0.5M H2SO4 

SWV in 0.04M BR buffer pH 2.0 HYD: 0.0182E 

RAM: 0.027E 

simultaneous in 

pharmaceutical 

formulations 

[149] 

chlorpromazine (CPZ) 

thioridazine (TDZ) 

CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; CP: +2.0 V 

180 s and –2.0 V 180 s in 0.5M H2SO4 

DPV in BR buffer pH 4.0 (CPZ) 

and pH 6.0 (TDZ) 

CPZ: 0.03A 

TDZ: 0.12A 

spiked human urine 

samples 

[150] 

ibuprofen  PP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

PP: smoothed with a piece of wet silk  

DPV and SWV in 1M HClO4 DPV: 0.41D 

SWV: 0.93D 

pharmaceutical 

formulations and 

spiked human urine 

samples 

[151] 

imipramine PCP/BDD film deposited on n-Si (100) 

wafer by HFCVD, B/C ratio 4000 ppm; 

PCP: 30 cycles from –2.0 V to +2.0 V  

500 mV s–1 in 1.5M H2SO4 

DPV in 0.04M BR buffer pH 9.0 0.5D pharmaceutical 

formulations 

[152] 

imipramine  CP/BDD film (CSEM, Switzerland), B/C 

ratio 8000 ppm; CP: +3.0 V 15 s  

and –3.0 V 30 s in 0.5M H2SO4 

SWV in 0.04M BR buffer pH 7.4 0.0435E pharmaceutical 

formulations 

[153] 

indapamide  CP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm; CP: –25 A cm–2 240 s in 0.5M 

H2SO4 

SWV in 0.01M H2SO4 0.056D pharmaceutical 

formulations and 

spiked synthetic 

cerebrospinal fluid 

and tap water 

[154] 

 



34 

isatin as-deposited/BDD macroelectrode (MAC) 

and BDD microelectrode array (MEA) 

fabricated on Si wafer by MW-PECVD, 

B/C ratio 3000 ppm  

SWV in 0.1M phosphate buffer  

pH 7.4 

MAC: 0.22B 

MEA: 0.04B 

urine simulant [155] 

leucovorin  AP/lab-made BDD films with B/C ratio 

1000, 2000, 4000, 8000, 10000 and  

20000 ppm;  

AP: –2.0 V 60 s and +2.0 V 60 s, then  

10 cycles from –1.0 V to +2.0 V in 0.5M 

H2SO4 

DPV in 0.4M BR buffer pH 3.0; 

ACT: +2.0 V 5 s in 0.5M H2SO4 

between each measurement 

1000: 0.067D 

2000: 0.36D 

4000: 0.12D 

8000: 0.090D 

10000: 0.10D 

20000: 0.42D 

pharmaceutical 

formulations 

[156] 

leucovorin PCP/commercial BDD (Windsor 

Scientific, UK), B/C ratio 1000 ppm;  

PCP: –1.0 V 60 s and +2.0 V 60 s, then  

20 cycles from –1.0 V to +2.0 V in 0.5M 

H2SO4 

DPV in 0.04M BR buffer pH 3.0; 

ACT: +2.0 V 5 s in 0.5M H2SO4 

between each measurement 

0.015E pharmaceutical 

formulations 

[157] 

levofloxacin  PCP/BDD film (CSEM, Switzerland), B/C 

ratio 3500 ppm;  

PCP: cycling from –3.0 V to +3.0 V 120 s 

5000 mV s–1 

SWV and CV in 1.4 mM Na2SO4 

pH 5.5 

SWV: 2.88D 

CV: 10.01D 

spiked human 

serum and 

synthethic urine 

samples 

[158] 

melatonin (M) 

pyridoxine (P) 

CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: –1.7 V 180 s in 0.5M H2SO4 

SWV in 0.1M BR buffer pH 2.0; 

ACT: –1.7 V 60 s 0.5M H2SO4 

between each measurement 

M: 0.60B 

P: 6.6B 

simultaneous in 

dietary supplements 

[159] 
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mesalazine CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: +3.0 V 60 s and –3.0 V 3000 s 

in 0.5M H2SO4 

SWV in 0.04M BR buffer pH 7.0 0.70E pharmaceutical 

formulations and 

spiked human urine 

samples 

[160] 

omeprazole AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

AP: cleaned sonically and polished with 

alumina, then +5.0 V 60 s 

DPV and SWV in 0.1M phosphate 

buffer pH 10.0; 

ACT: cleaned sonically and 

polished with alumina, then +5.0 V 

60 s between each measurement 

DPV: 0.91I 

SWV: 0.091I 

pharmaceutical 

formulations and 

spiked human urine 

samples 

[161] 

oxacillin  PP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

PP: polished with alumina  

DPV in 0.2M acetate buffer pH 4.5;  

ACT: polished with alumina 

between each measurement 

27.15J  pharmaceutical 

formulations, 

human urine 

samples and river 

water 

[162] 

pindolol  CP/BDD film (CSEM, Switzerland), B/C 

ratio 8000 ppm;  

CP: –3.0 V 30 s in 0.5M H2SO4 

DPV and SWV in 0.2M phosphate 

buffer pH 6.0 

DPV: 0.026 

SWV: 0.043 

pharmaceutical 

formulations, 

spiked synthetic 

urine and serum 

[163] 

propofol  AP/rotating BDD disk (NeoCoat, 

Switzerland), B/C ratio 700 ppm;  

AP: +2.2 V 900 s in 0.1M KNO3 

CV in 10mM phosphate buffer pH 

7.4; ACT: 10 cycles from +0.75 V 

to +1.4 V in 0.1M NaOH 

2.40 ± 0.90E spiked human 

serum samples 

[164] 

salbutamol CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: –1.5 V 180 s in 0.5M H2SO4  

SW-AdSV in 0.04M BR buffer pH 

9.0; ACT: –1.5 V 180 s in 0.5M 

H2SO4 between each measurement 

5.06B pharmaceutical 

formulations 

[165] 
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tadalafil CP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm;  

CP: –0.5 A 120 s in 0.5M H2SO4  

SWV in 0.04M BR buffer pH 4.0 0.0423A pharmaceutical 

formulations  

[166] 

tenofovir PP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

PP: polished with alumina slurry 

SWV in 0.04M BR buffer pH 4.0 0.56D pharmaceutical 

formulations 

[167] 

Food and/or beverage components and additives 

caffeine (CAF) 

vanillin (VAN) 

 

AP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

AP: +1.8 V 180 s in 0.5M H2SO4 

SW-AdSV in 0.1M phosphate 

buffer pH 2.5;  

ACT: +1.8 V 60 s in 0.5M H2SO4 

between each measurement 

CAF: 0.366B 

VAN: 1.54B 

simultaneous in 

food (vanilla sugar, 

foamy instant 

coffee) and drink 

(cola) samples 

[168] 

caffeine 

5-O-caffeoylquinic acid 

vanillin 

 

CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: –1.7 V 180 s in 0.5M H2SO4 

SW-AdSV in 0.1M HNO3;  

ACT: –1.7 V 180 s in 0.5M H2SO4 

between each measurement 

CAF: 0.15B  

5-CQA: 0.40B 

VAN: 0.38B 

simultaneous in 

food (vanilla sugar, 

instant coffee) and 

drink (cola) 

samples 

[169] 

phlorizin CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; CP: +2.0 V 

180 s and –2.0 V 180 s in 1M H2SO4 

SWV in 0.04M BR buffer pH 6.0 0.23B apple root extracts 

and spiked urine 

samples 

[170] 

theobromine  as-received/screen-printed BDD electrode 

(CBDD110, Dropsens, Spain), B/C ratio 

2500 ppm 

DPV and SWV in 0.1M H2SO4; 

ACT: rinsed with deionized water 

every ten measurements 

DPV: 0.42D 

SWV: 0.51D 

chocolate products [171] 
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Pesticides 

bentazone CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm; CP: +2.0 V 

180 s and –2.0 V 180 s in 0.5M H2SO4 

SWV and DPV in BR buffer pH 4.0 SWV: 1.2D 

DPV: 0.5D 

spiked river water 

samples 

[172] 

carbaryl (CR) 

carbendazim (CD)  

 

CP/BDD film (CSEM, Switzerland), B/C 

ratio 8000 ppm;  

CP: +3.0 V 10 min and –3.0 V 10 min 

SWV in 0.1M BR buffer pH 6.0; 

ACT: –3.0 V 30 s when necessary  

CR: 1.5E 

CD: 2.1E 

simultaneous in 

plant infusions 

[173] 

clomazone as-deposited/commercial BDD (Windsor 

Scientific, UK), B/C ratio 1000 ppm 

SWV in 0.04M BR buffer pH 2.0 0.21A spiked river water 

samples 

[174] 

2,4-dichlorophenoxyacetic acid 

(2,4-D) 

diuron (DI) 

tebuthiuron (TB) 

CP/commercial BDD film (Adamant 

Technologies, Switzerland), B/C ratio 

8000 ppm,  

CP: –2.0 V 120 s in 0.5M H2SO4 

DPV in 0.1M H2SO4;  

SPE preconcentration  

2,4-D: 0.12E 

DI: 0.035E 

TB: 0.34E 

simultaneous in 

spiked lake and 

well water samples 

[175] 

fenthion  CP/BDD film, B/C ratio 8000 ppm;  

CP: +3.0 V 10 min and –3.0 V 10 min 

SWV in 0.1M Na2HPO4 pH 4.0 0.080 Passiflora alata 

herbal medicinal 

tinctures 

[176] 

formetanate  CP/BDD film (CSEM, Switzerland), B/C 

ratio 8000 ppm; CP: +3.0 V 30 s  

and –3.0 V 60 s in 0.5M H2SO4 

SWV in BR buffer pH 7.0;  

ACT: 30 s mechanical stirring 

between measurements 

0.37K fruits (mango, 

grape) 

[177] 

maneb CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: rubbed with a piece of damp silk sloth, 

then +2.0 V 180 s and –2.0 V 180 s 1.0M 

H2SO4 

DPV in 0.04M BR buffer pH 5.0 0.024D river water samples [178] 
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methomyl CP/type of BDD not given;  

CP: +3.0 V 120 s and –3.0 V 240 s in 

0.5M H2SO4 

SWV in 0.1M BR buffer pH 3.0,  

DPV in 0.1M BR buffer pH 2.0; 

ACT: +3.0 V 120 s and –3.0 V 

240 s in 0.5M H2SO4 between 

measurement at different pH values 

SWV: 19 

DPV: 1.2  

pesticide 

formulation and 

spiked river and tap 

water samples 

[179] 

oxycarboxin  PCP/commercial BDD (Windsor 

Scientific, UK), B/C ratio 1000 ppm;  

PCP: sonicated for 5 min, then 10 cycles 

from –0.35 V to +1.85 V in 0.1M H2SO4 

100 mV s–1  

SWV in 0.04M BR buffer pH 4.0 1.6D spiked river water 

samples 

[180] 

pethoxamid  CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: +2.0 V 180 s and –2.0 V 180 s  

in 0.5M H2SO4 

SWV in BR buffer pH 4.0;  

ACT: slightly polished with cotton 

between each measurement 

1.37E pesticide 

formulation and 

spiked river water 

samples 

[181] 

pirimicarb CP/commercial BDD film (NeoCoat SA, 

Switzerland), B/C ratio 8000 ppm; CP: 

+3.0 V 5 s and –3.0 V 60 s in 0.5M H2SO4 

DPV in 1mM phosphate buffer pH 

7.0 with 20% acetonitrile 

1.24E spiked tap and weir 

water samples 

[182] 

Others  

ergosterol CP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

CP: +2.0 V 180 s and –2.0 V 180 s in 1M 

H2SO4 

SWV in acetonitrile + 0.1M 

tetrabutylammonium 

hexafluorophosphate 

ACT: slightly clean with cotton 

between each measurement  

0.7D fungi extract  [183] 
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indole (IND) 

tryptophan (TRY) 

 

PP/commercial BDD (Windsor Scientific, 

UK), B/C ratio 1000 ppm;  

PP: polished with alumina slurry 

DPV in 0.2M TBAH in acetonitrile IND: 0.50A 

TRY: 0.42A 

simultaneous 

monitoring of their 

level during the 

bacterial growth 

[184] 

phenetylamines  

(25I-NBOMe, 25B-NBOMe, 

25C-NBOMe, 2C-B) 

CP/commercial BDD film (NeoCoat SA, 

Switzerland), B/C ratio 8000 ppm;  

CP: +0.001 A 120 s and –0.03 A 360 s  

in 0.5M H2SO4 

SWV in 0.1M acetate buffer pH 4.0 

with 10% methanol 

25I-NBOMe: 0.1 

25B-NBOMe: 0.1 

25C-NBOMe: 0.27 

2C-B: 0.1 

blotting paper 

samples, no 

interference of LSD 

[185] 

ricin  CP/BDD film (CSEM, Switzerland), B/C 

ratio 8000 ppm; CP: +3.0 V 60 s  

and –3.0 V 120 s in 0.5M H2SO4 

SW-AdSV in 0.1M H2SO4 pH 1.0; 

ACT: +3.0 V 60 s and –3.0 V 120 s 

in 0.5M H2SO4 between each 

measurement 

0.00062 castor seed cultivars [186] 

BR buffer ‒ Britton–Robinson buffer, CTAB ‒ cetyltrimethylammonium bromide, HDTMAB ‒ hexadecyltrimethylammonium bromide, SDS ‒ sodium dodecyl sulfate, 

TBAH ‒ tetrabutylammonium hexafluorophosphate, TRIS buffer ‒ tris(hydroxymethyl)aminomethane hydrochloride; 

BDD electrode pretreated anodically (AP), cathodically (CP), by polishing (PP), by potential cycling (PCP) or untreated (as-deposited/as-received);  

ACT – activation program; EA-HFCVD ‒ electron assisted hot filament chemical vapor deposition, MW-PECVD ‒ microwave plasma enhanced chemical vapor deposition; 

DCV ‒ direct current voltammetry, DPV ‒ differential pulse voltammetry, LSV ‒ linear sweep voltammetry, SWV – square wave voltammetry, SW-AdSV ‒ square wave 

adsorptive stripping voltammetry; 

Limit of detection (LOD) calculated as: A ‒ signal-to-noise ratio equal to three, B ‒ three times standard deviation of the peak current of the lowest level concentration of the 

calibration curve divided by the slope of the related calibration equation, C ‒ 3.3 times standard deviation of ten repetitive measurements of the lowest measurable 

concentration divided by slope of the calibration curve, D ‒ three times standard deviation of intercept divided by slope of the linear calibration dependence, E ‒ three times the 

standard deviation of the current response of the blank solution divided by the slope of the calibration curve, F ‒ concentration of the analyte which gave a signal equal to three 

times the standard deviation of the peak height estimated from seven/ten consecutive measurements of the lowest measurable concentration, G ‒ 3.3 times residual standard 

deviation sy/x divided by the slope of the calibration plot, H ‒ lowest concentration giving rise to the signal st satisfying the following equation st ≥ sb + 3s, where st is the gross 

analyte signal, sb is the field blank signal and s is standard deviation of five blank determinations, I ‒ three times standard deviation of noise calculated from background 

response of BDD electrode divided by slope of the calibration curve, J ‒ 3.2 times standard deviation of the regression line divided by slope of the regression line, K ‒ standard 

deviation of y-residuals.  
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3. Results and discussion 

This chapter describes a summary of the seven scientific publications that were 

mentioned at the beginning of this Thesis. The individual publications are enclosed in 

the Appendix part, where all the details of the experiments are specified. 

 

3.1 Boron doped diamond electrodes in voltammetry: New designs and applications. 

An overview (Appendix I, ref. [1]) 

The purpose of this publication [1] was to summarize the progress in the 

development and applications of bare BDD electrodes in voltammetry of organic 

compounds. It follows the review [15] where the development of electroanalysis by 

means of BDD electrodes since the beginnings in 1992 is summarized. The main topics 

are fouling and pretreatment of the BDD surface, influence of boron content on 

electrochemical properties of BDD electrodes and response of organic analytes, 

utilization of BDD electrodes in adsorptive stripping voltammetry. Examples of selected 

applications of bare BDD electrodes for voltammetric determination of organic analysis 

demonstrating the above mentioned topics are given. This publication was the basis for 

the introduction chapter of this Thesis. Selected figures and more detailed information 

are shown in Appendix I. 

 

 

3.2 Influence of boron content on the morphological, spectral, and electroanalytical 

characteristic of anodically oxidized boron doped diamond electrodes (Appendix II and 

III, ref. [2, 3]) 

The experiments presented in the publications [2, 3] represent a consistent study of the 

effect of boron content on the selected morphological, spectral and electrochemical 

characteristics. For this purpose, a set of anodically pretreated BDD films deposited by 

microwave plasma-assisted chemical vapor deposition with variable B/C ratio in gas 

phase 500 – 8000 ppm was employed.  

Spectral properties were investigated using scanning electron microscopy, 

atomic force microscopy and Raman spectroscopy. The results of the first two methods 

are in good mutual agreement and reveal that the boron content obviously influences the 

morphology of the studied films. The results from Raman spectroscopy indicate that the 
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shift of maximum Lorentzian component of diamond phonon at 1332 cm–1 can be 

assessed as the function of boron concentration.  

Cyclic voltammetry with the inner [Fe(CN)6]
3–/4– and outer [Ru(NH3)6]

3+/2+ 

sphere redox markers were measured (selected voltammograms depicted in Figure 5) 

and important parameters were evaluated. These include parameters of the linear 

dependences of the peak height Ip of these markers on square root of the scan rate v1/2, 

ratio of the anodic and cathodic peak heights Ipa/Ipc, dependence of the peak potential 

difference between cathodic and anodic peak ΔEp on v1/2, and values of apparent 

heterogenous electron-transfer rate constant k°
app, calculated from ΔEp at the scan rate 

300 mV s–1. These characteristics enable to differentiate among the semiconductive 

films (500 ppm and 1000 ppm) and films with metallic conductivity (2000 ppm, 

4000 ppm and 8000 ppm). Nevertheless, only the inner sphere character of  

[Fe(CN)6]
3–/4– redox marker enables to visualize the differences between individual 

boron content for metallic films.  

 

 

 

Figure 5 Cyclic voltammograms of [Ru(NH3)6]
3+/2+ (A) and [Fe(CN)6]

3−/4− (B) (both  

c = 1 mmol L−1 in 1mol L−1 KCl) measured at BDD electrode with different boron 

content: (a) 500 ppm, (b) 1000 ppm, (c) 2000 ppm, (d) 4000 ppm, (e) 8000 ppm. Scan 

rate v = 300 mV s−1. Adjusted from [2].  
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The width of the potential window in aqueous media of different pH values and 

in wide variety of supporting electrolytes commonly used in electroanalysis was 

investigated: 1 mmol L–1 Na2SO4, 1 mol L–1 KCl, 0.1 mol L–1 HClO4, 0.1 mol L–1 

acetate buffer pH 4.0, 0.1 mol L–1 phosphate buffer pH 7.0, and 0.05 mol L–1 borate 

buffer pH 9.0. It is obvious from the obtained voltammograms that, in general, the 

width of the potential window decreases with the increasing boron content, with 

independence of anodic potential limit for 2000 – 8000 ppm electrodes and more 

pronounced dependence of cathodic potential limit on boron content for all tested BDD 

films.  

Next, we have studied electrochemical behavior and analytical parameters for 

the determination of 2-aminobiphenyl in Britton–Robinson buffer pH 7.0 (supporting 

electrolyte optimized in study [4]), so the comparison of linear sweep and differential 

pulse voltammetry at all tested BDD electrodes with boron doping level  

500 – 8000 ppm was made. 2-aminobiphenyl was selected as a model analyte. Its amino 

group on aromatic skeleton is easily oxidizable within the potential window of BDD 

electrodes. Problems with electrode fouling had to be overcome by anodic pretreatment 

directly in the analyte solution by applying the potential +2.4 V (vs. Ag/AgCl/3 mol L–1
 

KCl) for 30 s between individual measurements. Contrary to differential pulse 

voltammetry, where the height of symmetric peaks increases with increasing boron 

content, in linear sweep voltammetry the boron doping level influences the peak shape. 

Calibration dependences of 2-aminobiphenyl for all tested electrodes were obtained by 

differential pulse voltammetry in the concentration range of 0.25 – 50 µmol L–1. 

An example representing differential pulse voltammograms obtained at 8000 ppm BDD 

film is given in Figure 6. The sensitivity is ca 2.5 times higher for the 8000 ppm 

electrode than for the 500 ppm electrode; the limits of detection being in the  

0.21 – 0.80 mol L–1 concentration range for all tested electrodes.  

To conclude, anodically oxidized BDD films deposited at B/C ratio  

500 ppm – 8000 ppm were tested. Boron concentration was assessed as function of 

Raman shift at <1332 cm−1. Cyclic voltammograms of [Ru(NH3)6]
3+/2+ and 

[Fe(CN)6]
3−/4− were used to assess the type of conductivity. Differential pulse 

voltammetric signal of 2-aminobiphenyl increases with boron doping level. More details 

can be found in Appendix II and III. 
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Figure 6 Differential pulse voltammograms of calibration dependence of 

2-aminobiphenyl in Britton–Robinson buffer pH 7.0, concentration of 2-aminobiphenyl 

(mol L–1): a) 0; b) 0.5; c) 1.0; d) 2.5; e) 5.0; f) 7.5; g) 10; h) 25; i) 50. Recorded at 

BDD film, B/C ration 8000 ppm. Adjusted from [2]. 

 

 

3.3 Voltammetric and amperometric determination of mixtures of aminobiphenyls and 

aminonaphthalenes using boron doped diamond electrode (Appendix IV, ref. [4]) 

In this work [4], an anodically pretreated BDD electrode was used for the voltammetric 

and amperometric determination of the genotoxic pollutants 1-aminonaphthalene 

(1-AN), 2-aminonaphthalene (2-AN), 2-aminobiphenyl (2-AB), and 4-aminobiphenyl 

(4-AB). For all electrochemical measurements, a microcrystalline BDD film deposited 

on silica wafers (preparation and characterization described in [84]) placed in 

a laboratory-made BDD disc electrode (active geometric area 12.6 mm2) [123] was 

used.  

Firstly, differential pulse voltammetry was used for the exploration of fouling of 

the electrode surface in the presence of 1-aminonaphthalene and 2-aminonaphthalene in 

analysed solution, because passivating films are formed as result of dimerization and 

further polymerization of nitrene cation radicals – products of initial one-electron 

oxidation of the amino group [124, 125]. Passivation of the electrode surface was 

visualized by the decrease of their peak heights at repetitive differential pulse 
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voltammograms of about 80 % and potential shift of ca 35 mV to more positive value 

during consecutive 10 scans (Figure 7). This problem was solved by an electrochemical 

activation program consisting of stirring and applying the potential of +2.4 V for 15 s 

on the BDD working electrode in analysed solution. As result, for ten repetitive 

differential pulse voltammograms of 1-aminonaphthalene (c = 1 × 10–5 mol L–1 in 

Britton–Robinson buffer pH 5.0) reproducible peak heights with relative standard 

deviation 2.0 % were obtained.  
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Figure 7 Ten differential pulse voltammograms of 1-aminonaphthalene (c = 1 × 10–5 

mol L–1) in Britton–Robinson buffer pH 5.0 without treatment of BDD electrode surface 

between scans. Adjusted from [4].  

 

 

Then, the influence of pH on signal of aminonaphthalenes (c = 1 × 10–5 mol L–1) 

was investigated by differential pulse voltammetry in Britton–Robinson buffer in the 

range of pH 2.0 – 12.0. 1-aminonaphthalene gives four peaks in the range of pH  

2.0 – 6.0 and one peak at pH 7.0 – 12.0. 2-aminonaphthalene offers four peaks in the 

region of pH 2.0 and 3.0, three peaks at pH 4.0, and only one peak at pH 5.0 – 12.0. 

More details are described in Appendix IV. For electroanalytical purposes, the pH 7.0 
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was chosen as optimal for both aminonaphthalenes based on the presence of one 

symmetric peak. 

Calibration dependences of aminonaphthalenes were obtained by differential 

pulse voltammetry in the concentration range 1 – 100 µmol L–1 under optimized 

condition (Britton–Robinson buffer pH 7.0, activation program between each 

measurement). Results of calibration dependences for other two compounds, 

2-aminobiphenyl and 4-aminobiphenyl, are taken from our previous study [126]. The 

details about linearity and other parameters of all compounds are summarized in 

Appendix IV. Limits of determination were obtained in the range from 0.25 µmol L–1 

for 4-aminobiphenyl to 2.96 µmol L–1 for 1-aminonaphthalene. 

Also, an attempt to use differential pulse voltammetry for simultaneous 

determination of studied compounds, including fifth analyte 3-aminobiphenyl, was 

made. The simultaneous determination was possible only for the pair of 

2-aminobiphenyl/4-aminobiphenyl or 3-aminobiphenyl/4-aminobiphenyl using  

Britton–Robinson buffer pH 12.0 as a supporting electrolyte. For pH 7.0 and pH 9.0, the 

optimum pH values for the individual determination of 2-aminobiphenyl and 

4-aminobiphenyl, the differences of peak potentials are insufficient. 

1-aminonaphthalene and 2-aminonaphthalene could not be determined in the mixtures, 

because the difference of the oxidation potential is too small with respect to each other 

and to all tested aminobiphenyls. Details of these simultaneous determinations are listed 

in Appendix IV. 

Further, amperometric detection coupled with HPLC at BDD electrode in 

wall-jet arrangement was used to detect the mixture of 1-aminonaphthalene, 

2-aminonaphthalene, 2-aminobiphenyl, and 4-aminobiphenyl after their separation 

using reversed phase system. To prevent the passivation of electrode surface, the 

activation program mentioned above was used on-line for all HPLC measurements. 

Based on the previous studies [127, 128], the optimization of the mobile phase (organic 

modifier acetonitrile and 0.01 mol L–1 phosphate buffer) was carried out. Tested content 

of acetonitrile was 30 %, 35 % and 40 %, the buffer pH was changed in the range  

2.0 – 5.0. Under all tested conditions the analytes were eluted in the order 

2-aminonaphthalene, 1-aminonaphthalene, 4-aminobiphenyl, 2-aminobiphenyl. 

Optimum mobile phase consisting of acetonitrile and 0.01 mol L–1 phosphate buffer pH 

3.0 (40:60, v/v) and the flow rate of 1 mL min–1 secured elution time of 9.8 min of the 

lastly eluted 2-aminobiphenyl and was used for further studies.  
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Next, the detection potential Edet imposed on the working electrode was 

optimized in the range from +500 mV to +1500 mV in a step of 100 mV, and the peak 

heights of tested analytes and absolute value of the background current were evaluated. 

Detection potential +1000 mV was selected as optimum based on stable background 

current and satisfactory peak heights.  

The calibration dependences were obtained in the concentration range from 0.02 

to 10 µmol L–1. The parameters of these dependences are summarized in Appendix IV. 

Limits of determination reached values 0.06 µmol L–1 for 2-aminonaphthalene, 

0.07 µmol L–1 for 1-aminonaphthalene, 0.13 µmol L–1 for 4-aminobiphenyl, and 

0.20 µmol L–1 for 2-aminobiphenyl. Selected chromatograms of calibration 

dependences are depicted in Figure 8A.  
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Figure 8 (A) Chromatograms of the mixture of 2-AN, 1-AN, 4-AB, and 2-AB using 

HPLC with amperometric detection at BDD electrode, concentration of analytes 2, 4, 6, 

and 8 µmol L–1. (B) Chromatograms of the mixture of 2-AN, 1-AN, 4-AB, and 2-AB 

after solid phase extraction from 10 mL of sunset yellow solution (0.1 g mL–1) recorded 

using electrochemical detection at BDD electrode in wall-jet arrangement and UV 

detection. Concentrations of the analytes 0.25 (1), 0.5 (2), and 0.75 (3) µmol L–1; eluent 

acetonitrile 2 mL. Measured by HPLC-ED/UV, column LichroCART® 125-4 

Purospher®STAR RP-18e (5 m), mobile phase acetonitrile and 0.01 mol L–1 phosphate 

buffer pH 3.0 (40:60, v/v), injection volume 20 L, Q = 1.0 ml min–1, Edet = +1.0 V, 

det = 290 nm. Adjusted from [4]. 
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The developed high performance liquid chromatography with electrochemical 

detection was used for the determination of mixture of aminonaphthalenes and 

aminobiphenyls in the synthetic colorant sunset yellow (E 110). Due to the large system 

peak that interfered with the evaluation after direct injection of dye, solid phase 

extraction was used to eliminate the influence of the dye matrix and to preconcentrate 

the tested compounds. Two different cartridges and procedures were applied (details in 

Appendix IV). Obtained calibration dependences are linear from 0.0075 to 1 µmol L–1 

and limits of determination reached values 4.62 nmol L–1 for 2-aminonaphthalene, 

4.98 nmol L–1 for 1-aminonaphthalene, 11.3 nmol L–1 for 4-aminobiphenyl, and 

14.1 nmol L–1 for 2-aminobiphenyl. Selected chromatograms of calibration dependences 

recorded using electrochemical and UV detection are depicted in Figure 8B. 

This work presents a valuable contribution to the electroanalysis of amino 

derivatives of biphenyl and naphthalene with genotoxic and carcinogenic potential. The 

electrochemical methods represent an inexpensive, fast, and relatively selective 

independent alternative to the highly advanced methods such as high performance liquid 

chromatography with fluorescence detection. Details are shown in Appendix IV. 

 

 

3.4 Carbon-based electrodes for sensitive electroanalytical determination 

of aminonaphthalenes (Appendix V, ref. [5]) 

In the publication [5], the electroanalytical performance of bare BDD electrode for 

determination of 1-aminonaphthalene and 2-aminonaphthalene was compared with 

other types of carbon-based materials, specifically with glassy carbon (bare and 

modified by a Nafion permselective membrane or multiwalled carbon nanotubes) and 

carbon film.  

Firstly, the electrochemical behavior of 1-aminonaphthalene and 

2-aminonaphthalene at glassy carbon electrode was investigated by cyclic voltammetry. 

The linear dependence of current density on square root of scan rate indicates 

a diffusion-controlled electrochemical process for both compounds. A decrease of the 

oxidation peak currents of selected aromatic amines was observed after successive 

cycling without cleaning the electrode surface between individual scans. Because 

electrochemical pretreatment of glassy carbon electrode surface was inefficient, 

mechanical cleaning was done after each scan (details in Appendix V or [5]).  
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Afterwards, differential pulse voltammetry was applied to find out the effect of 

pH on the current and peak potential of aminonaphthalenes measured at glassy carbon 

electrode in Britton–Robinson buffer (pH from 2 to 11). Both aminonaphthalenes 

exhibit one peak at pH 2.0 and two peaks in the range 3.0 – 11.0. The influence of 

differential pulse voltammetry scan parameters on the response of 1-aminonaphthalene 

at bare glassy carbon electrode was also investigated. The parameters were pulse 

amplitude (50 mV), pulse time (25 and 50 ms), potential step (2 and 4 mV), and scan 

rate (5 and 10 mV s–1). Based on the highest and best shaped peak, the pH 2.0, pulse 

amplitude 50 mV, pulse time 50 ms, potential step 2 mV, and scan rate 5 mV s–1 were 

chosen as the optimum values. 

Under the optimum conditions, the determination of both aminonaphthalenes 

was performed by differential pulse voltammetry at bare glassy carbon electrode. 

Further, the effect of the modification of the glassy carbon electrode surface with 

Nafion or multiwalled carbon nanotubes for 1-aminonaphthalene was tested and 

analytical parameters were compared with other bare carbon surfaces – BDD and 

carbon film electrode. A comparison of analytical figures of merit is given in Table 3 

and differential pulse voltammograms of 20µmol L–1 1-aminonaphthalene for all 

investigated surfaces are depicted in Figure 9. 

 

 

Table 3 Analytical parameters of linear dependences for the determination of 

1-aminonaphthalene and 2-aminonaphtahalene by differential pulse voltammetry at 

different types of electrodes in Britton–Robinson buffer pH 2.0. Adjusted from [5]. 

Electrode LDR  

(μmol L–1) 

Sensitivity  

(nA μmol–1 L cm–2) 

LOD 

(μmol L–1) 

Pretreatment RSDa 

(%) 

1-aminonaphthalene     

BDD 2 – 20 282 1.4 electrochemical 3.8 

CFE 2 – 20 80 3.1 without  16.0 

GCE 2 – 100 257 1.6 mechanical 4.3 

Nafion/GCE 0.2 – 20 302 0.4 without 9.8 

MWCNT/GCE 10 – 100 229 11.6 without 12.9 

2-aminonaphthalene     

GCE 2 – 100 358 2.0 mechanical 4.4 

CFE – carbon film electrode; GCE – glassy carbon electrode; LDR – linear dynamic range; LOD – limit 

of detection; MWCNT – multiwalled carbon nanotubes; a repeatability of peak height expressed by 

relative standard deviation for concentration c = 20 μmol L–1, n = 4. 
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Figure 9 Differential pulse voltammograms of 1-aminonaphthalene (c = 20 μmol L–1) 

at (A) bare glassy carbon electrode, (B) Nafion/glassy carbon electrode,  

(C) multiwalled carbon nanotubes/glassy carbon electrode, (D) carbon film electrode, 

and (E) BDD electrode in Britton–Robinson buffer pH 2.0, after baseline subtraction. 

Adjusted from [5]. 

 

 

Also, differential pulse voltammetry was used for the simultaneous 

determination of the two analytes in a mixture based on the presence of one peak and 

the difference of peak potentials of 1-aminonaphthalene (Ep = +658 mV) and 

2-aminonaphthalene (Ep = +726 mV) at a glassy carbon electrode in Britton–Robinson 

buffer pH 2.0. The responses showed linear dependences in the range from 2 to 

10 μmol L–1 and micromolar limits of detection were obtained, namely 1.9 and 

1.6 μmol L–1 for 1-aminonaphthalene and 2-aminonaphthalene, respectively. 

The practical applicability of the proposed method was tested by the 

determination of 1-aminonaphthalene and 2-aminonaphthalene in model samples of 

river water. For both analytes and both tested concentrations (50 and 100 μmol L–1 for 

each analyte), high recoveries (91 – 102 %) with repeatability < 5 % (expressed by 

relative standard deviation, n = 5) were obtained.  

Blocking of the electrode surface was a problem for all types of bare electrode 

surface, but it could be eliminated by mechanical polishing of glassy carbon electrode or 
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by anodic pretreatment of BDD electrode. Modified electrodes do not require any 

cleaning.  

It can be concluded that Nafion/glassy carbon electrode is the most sensitive 

electrode material of those tested, with the lowest limit of detection, and with simple 

handling. However, highly reproducible responses, with easy recovery of the electrode 

surface can be obtained at unmodified GCE and this electrode exhibited a wider linear 

range, which is more suitable for practical applications. [5]. For details see Appendix V. 

 

 

3.5 Boron doped diamond electrodes for voltammetric determination of 

benzophenone-3 (Appendix VI, ref. [6]) 

In this study [6], the influence of boron concentration in BDD films on electrochemical 

oxidation of benzophenone-3 and opportunities to influence its electroanalytical 

performance by the presence of surfactant were explored.  

Benzophenone-3 is used as ultraviolet filter in sunscreens and various 

consumers’ products. As an endocrine disruptor, benzophenone-3 can negatively 

influence living organisms by disturbing hormonal equilibrium [129-132]. 

Two types of boron doped diamond electrodes were used as working electrodes. 

For investigation of voltammetric behavior of benzophenone-3 in the absence of 

surfactant, BDD films (variable B/C ratio in the gas phase 500, 1000, 2000, 4000, and 

8000 ppm) prepared at the Institute of Physics of the ASCR, v. v. i. in the Department 

of Functional Materials were used. Details of preparation are given in Appendix VI. 

These electrodes were marked as BDDA in this work with specification of boron content 

in the BDD film. For voltammetric determination of benzophenone-3 in the presence of 

surfactant, commercially available BDD electrode with B/C ratio 1000 ppm (Windsor 

Scientific, UK), further marked as BDDB, were used. All working electrodes were 

activated at the beginning of each working day in 0.5 mol L–1 sulfuric acid by oxidation 

at +2.4 V for 60 s. 

For optimization, BDDA with B/C ratio 2000 ppm was utilized. The first 

experiments have shown the oxidation of benzophenone-3 caused passivation of the 

electrode surface. Different electrochemical activation programs (details in Appendix 

VI) were tested either directly in the measured solution or ex situ in 0.5 mol L–1 sulfuric 

acid. Most of these programs were inefficient, only one was applicable: ex situ 
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activation in 0.5 mol L–1 sulfuric acid by switching of potentials +3, –3, +3, –3, +3 V 

each for ten seconds.  

Further, the effect of pH on the current and peak potential of benzophenone-3 

was investigated at BDDA (2000 ppm) in Britton–Robinson buffer with pH values 

ranging from 2.0 to 12.0. With the increasing pH a gradual shift of the peak potential 

towards less positive values was observed. Substantially higher peak current was 

observed at pH 12.0, thus it was used for further electroanalytical measurements.  

Considering that benzophenone-3 is practically water insoluble, but solubility in 

organic solvents is reasonable, and thus its determination in daily care products requires 

dilution or extraction with an organic solvent [133, 134], the influence of methanol 

and/or acetonitrile content in analysed solution on peak height and peak position of 

benzophenone-3 was studied. Two sets of benzophenone-3 solutions  

(c = 1 × 10–4 mol L–1) in Britton–Robinson buffer pH 12.0 containing 1 %, 2 %, 10 %, 

20 %, 50 %, 70 %, and 80 % (v/v) of methanol or acetonitrile, were prepared and 

analysed by differential pulse voltammetry at BDDA (2000 ppm). The shift of peak 

potential toward less positive values independent of the concentration of organic solvent 

in solution was observed. Simultaneously, the peak height of benzophenone-3 decreases 

with an increasing percentage of methanol or acetonitrile. Also, the background current 

increases. For further experiments, it was continued without presence of organic 

solvents in measured solution. 

Then, a set of BDDA films with boron content of 500, 1000, 2000, 4000, and 

8000 ppm were compared. The boron content, in BDD films given as number of boron 

atoms per cm3, influences conductivity of BDDA electrode [81, 87]. Our previous study 

[2] revealed that for our set of electrodes the limit lies between films with boron content 

of 1000 ppm exhibiting semiconductive properties and 2000 ppm film with metallic 

type conductivity. This is confirmed by DP voltammograms of benzophenone-3 where 

the peak height of benzophenone-3 increases with increasing boron content. For 

500 ppm and 1000 ppm BDDA, i.e. semiconductive films, the peak of benzophenone-3 

is not fully developed. Films with boron doping level 2000 ppm and higher provide 

symmetric and well-shaped peaks. Further, the peak potential of benzophenone-3 is 

moving toward less positive values as concentration of boron in films increases, 

similarly as in previous study with aminobiphenyls [2].  

Further, the influence of presence of surfactant cetyltrimethylammonium 

bromide (CTAB) on benzophenone-3 peak height at BDDB electrode  
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in Britton–Robinson buffer pH 9.0 was studied. From cyclic voltammograms depicted 

in Figure 10A it is evident that the presence of surfactant markedly influences shape, 

height and position of oxidation peak as the result of electrostatic interaction of the 

cationic surfactant CTAB with anionic form of benzophenone-3 in pH 9.0  

(pKa, BP-3 value 7.56). The peak potential shift is also great advantage because the 

oxidation peak of benzophenone-3 in the absence of surfactant is relatively close to the 

onset of supporting electrolyte. As the next step, the dependence of benzophenone-3 

peak height on concentration of CTAB was investigated. The dependence depicted in 

Figure 10B shows that the highest peak of benzophenone-3 (c = 5 × 10–5 mol L–1) was 

achieved with the concentration of CTAB 1 × 10–4 mol L–1.  
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Figure 10 (A) Cyclic voltammograms of benzophenone-3 (c = 5 × 10–5 mol L–1) 

without presence of surfactant (thin line 1) and in the presence of surfactant (bold 2) 

CTAB (c = 1 × 10–3 mol L–1) at BDDB electrode in Britton–Robinson buffer pH 9.0 

(dashed 3). Scan rate 100 mV s–1. (B) Dependence of peak height of benzophenone-3  

(c = 5 × 10–5 mol L–1) on the concentration of CTAB. Recorded by differential pulse 

voltammetry at BDDB electrode in 0.01mol L–1 NaOH. The error bars are constructed as 

standard deviation of peak height of benzophenone-3. (C) Differential pulse 

voltammograms of benzophenone-3 measured at BDDB in 0.01mol L–1 NaOH in the 

presence of surfactant CTAB (c = 1 × 10–4 mol L–1). Concentration of benzophenone-3: 

0.4, 0.6, 0.8, 1.0, 2.5, 5.0, 7.5, and 10 mol L–1. Adjusted from [6]. 
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Calibration dependences of benzophenone-3 were obtained without the presence 

of surfactant at BDDA with boron content of 2000 ppm, 4000 ppm, and 8000 ppm, and 

with the presence of CTAB (c = 1 × 10–4 mol L–1) at BDDB. For 500 ppm and 1000 ppm 

BDD films, the lowest observable concentration was 100 mol L–1 and from the 

analytical point of view these measurements were not useful. Concentration 

dependences are linear practically in the whole concentration range. Selected 

differential pulse voltammograms are depicted in Figure 10C and parameters 

of calibration dependences are summarized in the Table 4. For details see Appendix VI. 

 

Table 4 Selected parameters of concentration dependences of benzophenone-3 at BDD 

electrodes measured by differential pulse voltammetry. Adjusted from [6]. 

Electrode LDR  

(μmol L–1) 

Slope 

(nA μmol–1 L) 

Intercept 

(nA) 

LOD 

(μmol L–1) 

BDDA 2000 ppm    1 – 100 13.48   20.57 1.5 

BDDA 4000 ppm    1 – 100   5.90   12.28 1.9 

BDDA 8000 ppm 2.5 – 100   9.34     6.19 0.8 

BDDB + CTAB  10 – 75 18.98 129.65 --- 

 0.8 – 10 29.85 –19.44 --- 

 0.4 – 0.8 13.29   –1.35 0.1 
LDR – linear dynamic range; LOD – limit of detection 

 

 

3.6 Factors influencing voltammetric reduction of 5-nitroquinoline at boron doped 

diamond electrodes (Appendix VII, ref. [7]) 

In this work [7], 5-nitroquinoline with reducible aromatic nitro group and 

quinoline skeleton at boron doped diamond films with doping level 500, 1000, 2000, 

4000 and 8000 ppm was studied by direct current and differential pulse voltammetry. 

The aim of this study was to extend the knowledge on the electroreduction of nitro and 

quinoline moieties at boron doped diamond electrodes. 5-nitroquinoline, an 

environmental pollutant, formed as product of incomplete combustion of fossil fuels, 

was selected as model compound [135, 136].  

Firstly, the mechanism of reduction of 5-nitroquinoline was studied using pH 

dependence in Britton–Robinson buffer pH 2 – 12 by direct current, differential pulse, 

and cyclic voltammetry. The signal of the nitro group largely depends on the pH of the 

measured solution. This dependence is described in detail in section Appendix VII. 
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As optimum, 0.1 mol L–1 acetate buffer pH 5.0 was selected and used for further 

experiments.  

Next, the optimum condition for electrode pretreatment and activation between 

individual measurements was searched. Anodic and cathodic pretreatment at the 

potentials +2.4 V for 5 min and –2.4 V for 10 min, respectively, in 0.5 mol L–1 sulfuric 

acid and activation (anodic, cathodic and stirring without applied potential) between 

individual scans directly in the measured solution were tested. Relatively stable 

electrode response was achieved for all activation modes, but as the application of 

anodic and cathodic potentials had no explicitly positive effect, only stirring of 20 s was 

used to assure repeatable signals. For direct current and differential pulse voltammetry 

the relative standard deviation values of peak height were 2.1 and 4.6 % for anodic 

pretreatment and 6.5 and 0.5 % for cathodic pretreatment (c = 1 × 10–4 mol L–1, n = 10), 

respectively. 

For direct current and differential pulse voltammetry and both types of 

pretreatment, the calibration dependences were constructed and limits of detection in the 

10–6 and 10–7 mol L–1 were obtained. Parameters of calibration straight lines and limits 

of detection are summarized in Appendix VII. 

Also, boron doping level considerably affects the height of the peak and its 

potential as shown in Figure 11 (and summarized in Appendix VII). For electrodes 

2000, 4000 and 8000 ppm (metallic type of conductivity), the peak heights are 

comparable and higher than for boron doped diamond electrodes with B/C ratio 500 and 

1000 ppm (semiconductive type). The peak potential is shifted to more positive values 

using electrodes with metallic type of conductivity.  

To conclude, boron doped diamond electrodes are good alternative for 

determination based on reduction of aromatic nitro group and highly doped films are 

recommended. For more detailed information see Appendix VII.  
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Figure 11 Direct current voltammograms of 5-nitroquinoline (c = 1 × 10–4 mol L–1) in 

0.1 mol L–1 acetate buffer pH 5.0 measured with boron doped diamond electrodes with 

different B/C ratio: (a) 500 ppm, (b) 1000 ppm, (c) 2000 ppm, (d) 4000 ppm, and (e) 

8000 ppm. Scan rate is 50 mV s–1. Adjusted from [7]. 
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3.7 List of analytes and their determination parameters 

 

Table 5 Summary of studied compounds determined with different carbon-based electrodes and methods. 

Analyte Pretreatment/Electrode Method, conditions Matrix LDR 

(μmol L–1) 

LOD 

(μmol L–1) 

Ref. 

1-AN AP/microcrystalline BDD DPV, BR buffer pH 7  1 – 100 9.87A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement  0.02 – 10 0.23A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement, 

SPE extraction 

sunset yellow dye 0.0075 – 1 0.00498A [4] 

 AP/microcrystalline BDD DPV, BR buffer pH 2  2 – 20 1.4B [5] 

 ---/CFE DPV, BR buffer pH 2  2 – 20 3.1B [5] 

 PP/GCE DPV, BR buffer pH 2 river water 2 – 100 1.6B [5] 

 ---/Nafion-GCE DPV, BR buffer pH 2  0.2 – 20 0.4B [5] 

 ---/MWCNT-GCE DPV, BR buffer pH 2  10 – 100 11.6B [5] 

2-AN AP/microcrystalline BDD DPV, BR buffer pH 7  1 – 66 4.93A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement  0.02 – 10 0.20A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement, 

SPE extraction 

sunset yellow dye 0.0075 – 1 0.00462A [4] 

 PP/GCE DPV, BR buffer pH 2 river water 2 – 100 2.0B [5] 
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2-AB AP/BDD 500 ppm DPV, BR buffer pH 7  0.25 – 50 0.72A [2] 

 AP/BDD 1000 ppm DPV, BR buffer pH 7  0.25 – 50 0.48A [2] 

 AP/BDD 2000 ppm DPV, BR buffer pH 7  0.25 – 50 0.80A [2] 

 AP/BDD 4000 ppm DPV, BR buffer pH 7  0.25 – 50 0.48A [2] 

 AP/BDD 8000 ppm DPV, BR buffer pH 7  0.25 – 50 0.21A [2] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement  0.16 – 10 0.67A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement, 

SPE extraction 

sunset yellow dye 0.0075 – 1 0.0141A [4] 

4-AB AP/microcrystalline BDD HPLC-ED wall-jet arrangement  0.09 – 10 0.43A [4] 

 AP/microcrystalline BDD HPLC-ED wall-jet arrangement, 

SPE extraction 

sunset yellow dye 0.0075 – 1 0.0113A [4] 

BP-3 AP/BDD 2000 ppm DPV, BR buffer pH 12  1 – 100 1.5C [6] 

 AP/BDD 4000 ppm DPV, BR buffer pH 12  1 – 100 1.9C [6] 

 AP/BDD 8000 ppm DPV, BR buffer pH 12  2.5 – 100 0.8C [6] 

 PP/BDD* 1000 ppm DPV, BR buffer pH 12 + CTAB  10 – 75 

0.8 – 10 

0.4 – 0.8 

 

 

0.1C 

[6] 
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5-NQ CP/BDD 4000 ppm DPV, 0.01 mol L–1 acetate buffer pH 5  0.5 – 75 0.50A [7] 

 AP/BDD 4000 ppm  DPV, 0.01 mol L–1 acetate buffer pH 5  0.5 – 100 0.20A [7] 

 CP/BDD 4000 ppm DCV, 0.01 mol L–1 acetate buffer pH 5  7.5 – 75 4.7A [7] 

 AP/BDD 4000 ppm DCV, 0.01 mol L–1 acetate buffer pH 5  10 – 100 2.7A [7] 

BDD* – commercial electrode (Windsor Scientific, UK); AP/BDD – anodically pretreated BDD electrode, CP/BDD – cathodically pretreated BDD electrode, PP/BDD – 

BDD electrode pretreated by polishing, ---/BDD – “as-deposited” BDD electrode; CFE – carbon film electrode; GCE – glassy carbon electrode; MWCNT = multiwalled 

carbon nanotubes; DCV – direct current voltammetry, DPV – differential pulse voltammetry; SPE – solid phase extraction; BR buffer ‒ Britton–Robinson buffer, 

CTAB ‒ cetyltrimethylammonium bromide; LDR – linear dynamic range;  

Limit of detection (LOD) was calculated as: Athe concentration of the analyte, which gave the signal equal to three times the standard deviation of peak heights estimated from 

ten consecutive measurements of the lowest measurable concentration; Bthree times the standard deviation of intercept divided by the slope of the calibration curve; Cthe 

concentration of the analyte, which gave the signal equal to three times the standard deviation of peak heights estimated from seven consecutive measurements of the lowest 

measurable concentration. 
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4. Conclusion 

The Thesis represents a contribution to the problematic related with electrochemical, 

spectral morphologic properties of boron doped diamond and its use in electroanalytical 

methods. Partially, it compares it with other carbon-based electrode materials. The 

following topics were investigated:  

• the series of boron doped diamond films was tested with respect to the effect of boron 

concentration on their quality, selected morphologic, electrochemical and spectral 

properties using scanning electron microscopy, atomic force microscopy, Raman 

spectroscopy, and voltammetric cyclic and differential pulse voltammetry methods. The 

electrochemical data enable to differentiate between the semiconductive films 

(deposited at B/C ratio 500 and 1000 ppm) and films exhibiting metallic conductivity 

(2000, 4000 and 8000 ppm);  

• the effect of boron concentration on the voltammetric signals of selected substances 

was investigated and methods for their determination were developed, both based on 

their oxidation (2-aminobiphenyl, benzophenone-3) and on reduction (5-nitroquinoline). 

In general, the electrochemical reactions on BDD films exhibiting metallic conductivity 

results in well-developed and narrow voltammetric signals positioned closer to zero 

potential in comparison to signals obtained on semiconductive films. This indicates 

easier oxidation/reduction and faster charge transfer kinetics for the former type of BDD 

films;  

• the possibility of application of voltammetric and amperometric methods was tested 

for the simultaneous detection of a mixture of aminobiphenyls and aminonaphthalenes. 

Further, a method based on HPLC with amperometric detection was optimized for this 

mixture of analytes using a boron doped diamond electrode. For differential pulse 

voltammetry, limits of detection were obtained in micromolar concentration range under 

optimized conditions. The developed HPLC-ED method utilizing the boron doped 

diamond electrode in wall-jet arrangement enables in 14 minutes separation and 

simultaneous determination of 1-aminonaphthalene, 2-aminonaphthalene, 

2-aminobiphenyl and 4-aminobiphenyl, position isomers with different genotoxic and 

carcinogenic potential, with limit of detection in 10–7 mol L–1 concentration range. The 

applicability of the developed HPLC-ED method was successfully tested on the 

determination of the studied analytes in model solution of azo dye sunset yellow with 

recoveries around 100 % and nanomolar limits of detection; 
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• the effects of activation cleaning programs (ex situ anodic activation in acidic media or 

mechanical polishing by alumina) on the signal of benzophenone-3 were investigated 

using the boron doped diamond electrode. Oxidation of this compound causes fast 

fouling of the electrode surface and only switching of potentials in 0.5 mol L–1 

succeeded for its reactivation. Also, the possibility to influence its electroanalytical 

performance by the presence of cationic surfactant cetyltrimethylammonium bromide 

was investigated. Selected surfactant has a positive effect: the sensitivity is increased, 

the peak potential shifted to less positive values, and the limit of detection is  

0.1 mol L–1 (about an order of magnitude lower than without a surfactant); 

• boron doped diamond was compared with other selected bare carbon-based electrode 

materials including glassy carbon and carbon film and glassy carbon modified by 

Nafion permselective membrane and multiwalled carbon nanotubes for the 

determination of 1-aminonaphthalene and 2-aminonaphthalene. For 

1-aminonaphthalene, similar detection limits were achieved for bare surfaces: at BDD 

electrode 1.4 mol L–1, at glassy carbon electrode 1.6 mol L–1 and at carbon film 

electrode 3.1 mol L–1, but for the last electrode the sensitivity was visibly lower than 

with the other electrode materials. No such effect on sensitivity was observed for the 

studied compounds at glassy carbon electrode modified by multiwalled carbon 

nanotubes. Glassy carbon electrode modified by Nafion offers the lowest limit of 

detection of 1-aminonaphthalene (0.4 mol L–1) but is useful only for lower 

concentrations range (0.2–20 mol L–1).  

In this Thesis, applicability of boron doped diamond electrodes for detection of 

selected amino and nitro derivatives of aromatic organic compounds using voltammetric 

and amperometric methods was studied. Important factor, influencing signals of the 

compounds and demanding optimization include activation of electrode surface, boron 

concentration and parameters of the electroanalytical method used. Undoubtedly, boron 

doped diamond represents a user-friendly electrode material due to its robustness and 

easy maintenance of electrode surface, as presented also in this Thesis. Further studies 

on relation of the electrochemical behavior and factors estimating BDD quality and 

surface properties can be envisaged so that its advantageous properties estimating 

successful performance in electroanalysis are optimized. 
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