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Currently, the search for a more economical alternative with adequate selectivity, sensitivity and
reproducibility in the determination of metallic ions is important for the development of reliable
methodologies for the determination of these contaminants. This work investigates a boron-doped
micro/nano diamond electrode, with different morphology and structure compared to those discussed
in the literature, for the detection of copper and iron in aqueous and ethanolic environments. Internal
validation of the Square Wave Voltammetry was applied. The methodology was submitted to validation
by: selectivity, linearity, precision (interday test), accuracy (percentage of recovery) and detection
and quantification limits. The results indicated that this type of electrode showed good response to
determinations in aqueous and ethanolic environments, with good selectivity, linearity, accuracy
(recovery between 70% and 110%) and precision, presenting the best detection and quantification
limits for the aqueous. The methodology using a boron-doped diamond micro/nano electrode was
suitable for the determination of copper and iron metals in both matrices.

Keywords: Boron-doped diamond, morphology, structure, methodology, metal detection,

validation.

1. Introduction

Numerous toxic metals are released into the environment
through industrial activities every year. It is necessary to
monitor its presence in different matrices and ecosystems' since
metals as copper and iron, can interfere with the nervous,
gastrointestinal, cardiovascular, renal and hematopoietic systems
in humans and other animals, even at low concentrations.

The analytical methods traditionally used to quantify
these metals are atomic absorption spectrometry?, molecular
absorption spectrophotometry?®, among others*. Despite the
versatility, sensitivity and efficiency of these methodologies,
they have the disadvantage of sophisticated and expensive
instrumentation. Electrochemical methods have been
employed for the determination of compounds at trace
levels in industrial®, biological® and environmental'’ product
monitoring studies with adequate sensitivity, precision and
accuracy. Such electrochemical methods use a working
electrode that favours the analytical degree of detections
in real samples.

Boron-doped diamond (BDD) electrodes appear a
material, with advantages that correspond to their low
background current; wide window of potential; extraordinary
morphological and structural stability at high temperatures;
good response to some aqueous and non-aqueous analytes
without conventional pretreatment®. These properties
favoured the evolution of the use of diamond as a working
electrode to detect a variety of analytes, including trace
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heavy metals’. However, there is no studies in the literature
regarding the use of Square Wave Voltammetry (SWV) with
electrodes of mixed micro/nano BDD morphology for the
determination of copper and iron metals in real samples of
water and fuel ethanol. Thus, it is important to develop and
validate a voltammetric method that uses a new electrode
to detect these metals.

It is recognized that an analytical method before being
used in quality control or by regulatory bodies should be
validated. To do so, it must present comparability, traceability,
and reliability in chemical measurements, proving its adequacy
to the intended purpose'®. The validation of analytical
methodologies for the analysis of emerging pollutants in
environmental samples has made use of different validation
strategies, described in INMETRO!" and in the literature'?.
In the present work, a laboratory validation study was
developed for quick, simple and low-cost quantification of
copper and iron metals in aqueous and ethanolic media using
an electrode containing a mixed morphology that until now
has not been addressed in the literature.

2. Methodology

2.1. Characterization of BDD film

The BDD film were obtained by the technique of chemical
deposition from the activated gas phase in a Hot Filament
Chemical Vapor Deposition (HFCVD). Reactor film used in
this work were obtained with a doping level of 15000 ppm,


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3935-4936

2 Ibernom et al.

from a gaseous mixture of 160 sccm of argon, 38 sccm of
hydrogen and 2 sccm of methane, for a deposition time of
18 hours, maintaining the substrate temperature in the range
of 635°C to 650°C.

From the study of the morphological and structural
characterizations of BDD film were performed using the
techniques of Scanning Electron Microscopy (SEM), Atomic
Force Microscopy (AFM), Raman scattering spectroscopy and
X-ray diffractometry (XRD). SEM analyses were performed
in a JEOL microscope model JSM-5310. AFM was obtained
using a BRUKER microscope, model INNOVA, operating in
contact mode with a temperature of 24°C and relative humidity
of 35%, using a silicon nitride tip. The Raman scattering
spectrum was obtained using a microscope HORIBA Johin
and Von MODELO M.F.O. The XRD of this study were
obtained using a diffractometer PHILIPS X “PERT MRD.

2.2. Reagents

The solutions used in this study were prepared with
reagents of analytical purity (AP) and the purified water was
used in the Milli-Q system (18 MQ cm™!). The deaeration
of the solutions in the voltammetric measurements was
performed using 99.999% super dry nitrogen gas. All glass
material used in the electrochemical experiments, such as
electrochemical cells, volumetric flasks, and beakers, were
previously washed with distilled water and left for 24 h
in 10% (v/v) nitric acid and then washed with ultrapure
water before use. All metal solutions were prepared using
1000 mg L' Sigma - Aldrich standards.

2.3. Electrochemical measurements

Electrochemical measurements were performed using
an Autolab PGSTAT 302N Potentiostat/Galvanostat.
An electrochemical cell with a conventional three-electrode
system was used, a platinum wire as the counter electrode,
and Ag/AgCl (3 M KCl) as the reference electrode, with a
BDD film as the working electrode. The effective active
area of the BDD was obtained by recording the CV (Cyclic
voltammetry) test with different scan rates.

Concentrations of 10 mg L' of metallic species were used
in all studies as a solution mother to validate the proposed
methodology. The study used different electrolytes support
for each medium, as shown in Table 1. The analyses with
hydroalcoholic solutions were performed in the range of
20/80 v/v ethanol. The parameters of the SWV technique
used for the validation of the methodology are highlighted
in Table 1.

The analytical curves were obtained by the standard addition
method in the concentration range of the metals Cu*" and
Fe** from 0.001 to 0.007 mg L™! for real samples. To verify
the performance of the electroanalytical methodology, the
parameters of selectivity, linearity, accuracy, precision, limits
of detection (LD) and quantification (LQ) were analysed
according to recommendations of resolutions and articles
in the literature!1>15,

The real samples were collected from igarapé of 40 and
at different gas stations in the city of Manaus, Brazil, and
then stored in polyethylene bottles and later diluted in the
electrolyte support.
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Table 1. Parameters SWASV adopted for the study of Figs of merit.

Ethanolic
Parameters Half Aqueous Medium
Cu2+ Fe3+ Cu2+ Fe3+
KCl1 H,SO, HC1
Electrolyte support 1.0 0.04 0.04
mol L! mol L' mol L'
60 70 50 30
Frequency (/) Hz Hz Hz Hz
. 70 90 70 100
Amplitude (a)
mV mV mV mV
Potential for deposition ~ -0.2 -0.1 -0.4
(Edcp) \% A\ AV4
Deposition time (T dcp) 60 s 60 s
Equilibration time (T 60 s 60 s 50s

3. Results and Discussion

3.1. Morphological and structural characteristics

By means of the SEM image (Figure 1a) it was possible
to observe that the BDD film was formed by diamond grains
with randomly oriented crystals, having a rough surface with
amicrocrystalline grain morphology, as one can see such an
image. These grains have pyramidal structure similar to the
microcrystalline structure, but when the image is approximated
(insert of Figure 1a) one can observe small crystals on its
surface, as also approached by Rehacek'® in his work, being
characterized as a morphology that suffered renucleation with
nanocrystalline diamonds (BDD micro/nano), thus having
aroughness in its structure due to these renucleated grains.
This can also be verified from the gas mixture during the
growth of the BDD micro/nano film, in which it presented an
insertion of argon gas in the mixture (160 sccm) that caused
a consequent reduction in the concentration of hydrogen (H,)
when compared to films microcrystalline that do not have
argon in their gas mixture. With little hydrogen reacting on the
surface, the growth from different species is favoured, causing
the renucleation process of the grains, which consequently
also decreases their size'®!. In addition, the AFM images
over an area of 20 x 20 pm? also allowed observation of
the morphology of the film (Figure 1b), in which it was
possible to confirm what was observed by SEM. By means
of the AFM images, it was possible to calculate average,
finding a value of 492.5 nm for this film, showing that it
has a roughness higher than that of many electrodes used
in electrochemistry'®. These morphological characteristics
favor the roughness of the film, which is an important factor
in electrochemistry, since, as Pleskov'® observed, electrodes
with more rough surfaces are more reversible. The increase
in roughness also implies an increase in the electrochemical
area of the electrode resulting in an increase in the current
response of the electrode®.

The composition and amount of the phases present in
the material, as were well as the crystallinity measurements
investigated by XRD are shown in Figure 1c. They were
obtained with the 20 angles in the range of 30° to 80°.
The diffractograms were analysed with some articles’”**!,
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Figure 1. Morphological analysis images and graphs of the structural analysis of the BDD micro/nano electrode grown on titanium
substrate with the doping level of 15000 ppm. (a) SEM; (b) AFM; (c) XRD; (d) Raman.

The XRD spectra show the formation of the Ti phases related
to the peaks (100), (002), (101), (200), (102), (110) and
(103) and the peak related TiC phase (220). The peaks from
Ti/substrate are present in the diffractogram by the depth
that the X-rays reach during the analysis.

The peaks at 20 equal to 44° and 75.5° correspond to
diffractions of the crystallographic plane of the diamond
(111) and (220), confirming the presence of these phase in the
material. These planes allow to observe that the intensity of
the plane (111) of'this film is close to that of microcrystalline
films, presenting a lower intensity when related to them due
to the influence of renucleated nanocrystalline grains in their
structure, being confirmed by the intensity of the plane (220)
when compared to data obtained in the literature®*' which is
correlated with the process of decreasing grain size which
also increases the amount of sp? carbon at the limits of the
diamond grains.

In addition, these plans (111) and (220) provide valuable
information about the films. With XRD it is still possible to
determine the average grain size. According to Shi*?, small
particles or crystallites will produce extensive diffraction
domains in the reciprocal space. The diffraction domains
are inversely proportional to the size of the crystallites,
and this translates into an observable widening of the X-ray
diffraction line. Considering that this enlargement is caused
by the limited size of the nano renucleated grains, the Scherrer
formula can be used to determine the mean grain size in the
direction normal to the planes (hk1)*.

The calculation of grain size by the width at half height of
the diffraction peak, overestimates the actual value, because
there is a size distribution, the larger grains will give a strong

contribution in the intensity, while the smaller grains only
widen the base of the peak®?. In this way, the value found
for grain size was 24.9 nm, due to a mixture of nano and
micro morphologies in this film.

The Raman scattering spectrum (Figure 1d), obtained in
a range of 200 to 1800 cm™!, clearly shows the occurrence
of the characteristic diamond phases in the deposited film.
There is a Raman peak at 1332 cm™ which is characterized
as Raman signature for the diamond, corresponding to the
vibration of the first order phonon of the material®. This
peak is very evident and intense because the film presents
microcrystalline grains in its morphology, being observed a
small enlargement of this peak coming from the overlap of
the D band (1326.4 cm™), a behaviour normally observed in
films with nanocrystalline morphology for Raman excitations
in the visible region’. This broadening of the peak that
characterizes the diamond was already expected because
the film has in its structure nanocrystalline renucleated
grains. The doping of the film is verified through the bands
at 500 cm™ and 1220 cm™! which are related to the modes
of vibration of pairs of boron*.

At 1550 cm™ the peak of the G band corresponding to
graphite®! phase appears indicating the presence of sp? carbon.
In addition, the peaks at 1146 cm™ and 1481 cm™! corresponding
to the transpoliacetylene (TPA) present in the grain boundary
tend to appear in samples having a large amount of argon in
the mixture been identified only in nanocrystalline samples
or with nano renucleated grains in their morphology'’.
The TPA favours semiconductor characteristics to the film
by providing it a semimetallic behaviour.
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The amount of substitutional boron was 1.12x10% ¢cm™ for
the BDD micro/nano. According to Rehacek'®, when boron
is introduced in the film with a doping of the order of
107 - 10?° cm™ the diamond presents properties of a
semiconductor (known as hopping). In this way, it is possible
to frame the number of carriers with the type of electronic
transport that occurs'®?. Such characteristics favour a
conductive film even without boron doping.

Since TPA favours a semiconductor characteristic and
by incorporating boron pairs in its structure, as shown by
Raman, this film becomes highly conductive and with a
favourable morphology and structure for the detection of
trace metals. As proven by electrochemical characterization.

3.2. Electrochemical characteristics

The determination of the potential window (working range)
of the electrode is a parameter that defines the region that
allows the detection of oxy-reduction reactions. The potential
window is obtained by applying a potential to the electrode
in order to obtain the response. In positive potentials (anodic
potential) there is formation of O, (Figure 2a), while in
negative potentials (cathodic potential), there is H, formation
(Figure 2a). The current signals generated from the cited
reactions to the water can mask the current signal generated
by any analyte which exhibits oxidation and reduction
potentials in those regions, thereby limiting the possibilities
of detection of the analyte. However, the BDD micro/nano
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electrode presents an intrinsic advantage that is the fact that
the processes of oxidation and reduction of water occur in
high potentials, thus extending the working range’. Thus,
the section where the current tends to be zero, between these
two reactions is called a potential window. BDD presenting
a potential window of approximately 3V (2.75V).

Figure 2b shows the set of cyclic voltammograms obtained
for the BDD micro/nano electrode. Each cyclic voltammogram
was obtained by applying a potential difference in the range
of -0.2 V to 1 V. Cyclic voltammograms were collected
at different scanning rates in the range of 5 to 100 mV.
The experiments were carried out in an electrochemical cell
containing K Fe(CN), 1 mmol L™ solution in 0.5 mol L' H,SO,.
In order to carry out the tests, the first applied potential was
-0.2 V x Ag/AgCl, where it was possible to observe the
occurrence of a small anodic current that approaches zero
as the scanning proceeds. This initial current probably arises
from the charge of the double electric layer's.

From the current values obtained in the cyclic voltammogram
the active area of the electrode was calculated using the
Randles-Sevcik equation, finding an electrochemical area of:
0.11 cm? for the BDD micro/nano electrode. In this way, an
increase of area of the electrode was verified in comparison
with the geometric area (0.032 ¢cm?). These characteristics
favour the roughness of the film, as evidenced by the AFM,
which results in an active area larger than the geometric
area of the film.
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Figure 2. Electrochemical characterization. (a) Potential window for the BDD micro/nano electrode in H,SO, 0.5 mol L' using a potential
range of -3 to +3V with a scanning speed of 30 mV s™'; (b) Cyclic voltammograms of the redox system in 1.0 mmol L' K,Fe(CN), in
H,SO, 0.5 mol L' obtained by Cyclic Voltammetry at a scanning speed of 5 to 100 mV s for the BDD micro/nano; (c) Relation between
AEp (AEp = Epc-Epa) and scanning speed of the electrodes obtained in solution 1.0 mmol L™ of K ,Fe(CN), in H,SO, 0.5 mol L*'; (d)
Relation between the anodic peak current density and the square root of the electrode sweep velocity obtained in solution of 1.0 mmol L™!

of K,Fe(CN), in 0.5 mol L' of H,SO,.
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The graph shown in Figure 2¢ shows the variation of AE,
with the scanning speed (v) for the BDD micro/nano film in
solution of 1.0 mmol L' of K ,Fe(CN), in 0.5 mol L"' H,SO,.
Demonstrating the Fig that AE, increases as the scanning
speed is increased. Extrapolation of the line in this graph
shows that it walks to a value close to 60 mV at low scanning
speeds. This shows that, in this condition, this electrode is
close to a reversibility kinetics.

Another reversibility criterion applied to this electrode
was presented in Figure 2d. The quasi-reversible behaviour
is characterized when the anodic peak current density (I,,)
increases as a function of the square root of the scanning
velocity (v'"?) proportionally to the electrode in ferrocyanide
solution. By Figure 2d it is possible to observe that the linear
increase of the anodic peak current density as a function of
the square root of the scanning velocity was confirmed'®?’.
To conclude if the electrode presents kinetics of reversibility
or near-reversibility

3.3. Validation of voltammetric methodology

The intra-laboratory validation study of the voltammetric
method proposed in this study for the determination of Cu?* and
Fe** metals in water and ethanol was performed by evaluating
the parameters of selectivity, linearity, precision, accuracy and
limits of detection and quantification by different statistical
techniques of resolutions and literature'*'® recommendations.

The selectivity has the purpose of guaranteeing the identity
of the analyte to be determined, being a measure of method
indifference to the presence in the sample of species that
could interfere in the determination of the analyte of interest.
Selectivity ensures that the peak response is exclusively of
the compound of interest.

In this work, the selectivity was evaluated using the
standard addition method. This method is used when it is
not possible to obtain the matrix (real sample) free of the
substance of interest. In this case, two analytical curves of
the metals (0.001 to 0.006 mg L-1 of Cu®* and Fe*") were
made, using SWV voltammograms of the oxidation peak
of the species (Figure 3), each one without matrix effect,
constructed from a standard solution of Cu** and Fe** and
the statistical analysis of the F test. The results obtained for
the study of the parallelism of the curves showed that for

the studied metals both matrices presented good selectivity
of the technique.

As can be seen in Figure 4, the respective curves are
parallel to each other for the BDD micro/nano electrode and
have coefficient of determination (R?) greater than 0.99, thus
guaranteeing the selectivity of the method. It is worth noting
that even in the face of the occurrence of some points that are
outside the curve when compared to the other points, there
was 1o loss to the method selectivity parameter. In addition,
the F test was performed to verify if there is a significant
difference between the curves, obtained from the replicate
variances of the concentrations of both analytical curves.
Analysis of the results of the F test were obtained according
to Table 2. Thus, as the F (calculated) < F (tabuled) the
precision of the curves did not have a significant difference,
which proves the guarantee of the selectivity.

The working range was evaluated in the range of
0.001 mol L' to 0.007 mol L prepared in aqueous and
ethanolic medium for the voltammetric quantification of Cu?*
and Fe* metals, using the parameters previously optimized
by square wave voltammetry", following the same model
in Figure 3.

The respective intensities of the peaks of the anodic
redissolution voltammetry technique for the signals for the
Cu*" and Fe* ions were subjected to the least squares (LS)
regression analysis, in order to construct external calibration
curves for each analyte. From the generated curves, it was
possible to establish the sensitivity (angular coefficient), the
linear coefficient and the correlation coefficients (R) and
determination (R?) of the method developed for the selected
analytes, as well as the statistical residues of each metal
analysed in each matrix, in order to ascertain the quality of
the analytical curves constructed'®. The confirmation and
acceptability of linearity depends on R?, which is expected to
be higher than 0.99, as well as a random distribution between
positive and negative values of the residual points® from
the LS regression. If this distribution is random, the graph
does not present dispersion tendencies of the residues, being
therefore an indication that the linearity is satisfactory'.

Table 2. F-test for the study of selectivity in aqueous and ethanolic
medium for BDD micro/nano.

1,6x10°
White F-test
0001 MatL’ Average Variance of Bt Cu** 3.7228x107
5 |——0,002 Mol L ‘matriz
14107 003 Mol L Average Variance of Et,, Cu* 6.521x101°
GOoAMsIL" F (calculated) 5.708
|[——0.005 Mol L :
z 1,2107 - 0,006 Mol L' Average Variance of Et . Fe* 1.9936x10°!"
= Average Variance of Et,, Fe’* 4.8933x1012
1,0x10° F (calculated) 4.074
Average Variance of H,O_ . Cu*' 1.5594x10°
8,0x10* Average Variance of H,O,, . Cu* 3.5641x10"°

F (calculated) 4.375
6,0x10* . . L L . : ! Average Variance of H,O . Fe*" 1.5347x10°"

o1 02 03 04 05 06 07 08 09

E(V) vs Ag/AgClI Average Variance of H.O,, . Fe’* 2.7848x10"2

F (calculated) 5.510

Figure 3. SWV voltammograms of the oxidation peak of the species O (tabulated) 6388

Fe** in ethanol.
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Figure 4. Analytical curves constructed from stock solution of copper (Cu?*) and iron (Fe**) using a working range of 0.001 mg L™ to
0.006 mg L' for aqueous and ethanolic medium, varying the electrochemical parameters.

The results obtained from the regression using the LS for
the study of linearity can be observed in Table 3.

From the results obtained, it was observed by means of
the visual analysis of the analytical curves as well as the
scatter plots of statistical residues of the metals in aqueous
and ethanolic medium, that they indicate that the linearity of
the respective analytical curves were found to be satisfactory
because, for all two metals, the R? is higher than 0.99 and the
residual dispersions presented a random distribution pattern
along the abscissa axis, as recommended by INMETRO".

Precision was assessed by repeatability estimates.
Repeatability was calculated from three consecutive peak
current measurements for the low, medium, and high
concentrations of the working range. Table 4 and 5 expresses
the final summary of the data resulting from each test
performed in terms of coefficient of variation of the means
and the Horwitz coefficient. The acceptability of the accuracy
is conditioned to a CV of less than 10%? and as it can be
verified, for the entire concentration range the calculated
results were below 10% indicating that the method developed
presents satisfactory repeatability and precision.

Similar to the precision test, the accuracy test occurred
simultaneously with the linearity test. For each control
concentration level, the percentages of recovery were

Table 3. Linearity data obtained by least squares regression.

Equation of the line

Analyte Matrix Angular  Linear R R’
coefficient coefficient
Cu HO Y=1.0223x 8x10* 0.9983 0.9966
Fe HO  Y=0.4405x 3x10* 0.9988 0.9980
Cu Ethanol Y=1.0420x 3x10¢ 0.9996 0.9992
Fe Ethanol Y=0.1290x 1x10* 0.9984  0.9969

Table 4. Coefficients of variation of the means of the SWASV peaks
obtained and the coefficient of variation of Horwitz.

Level of .
Matrix HO  fortification cv lzf/i‘;'“m HCYV (%)
(mg.L")
0.001 0.2859 5.65
BDD/Cu 0.004 0.3146 4.58
0.007 0.4731 4.21
0.001 0.2516 5.65
BDD/Fe 0.004 0.6293 4.58
0.007 0.2744 4.21

determined from the regression data of their respective
analytical curves and the mean intensities of their respective
anodic redissolution peaks. In Table 6 and 7 are expressed
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Table 5. Coefficients of variation of the means of the SWASV peaks
obtained and the coefficient of variation of Horwitz.

. Level of .
1{3\31?;::1 fortification  C" lzf/i‘)l'“m HCV (%)
(mg.L")

0.001 0.1424 5.65

BDD/Cu 0.004 0.1116 458
0.007 0.6388 421
0.001 0.4289 5.65

BDD/Fe 0.004 0.6380 458
0.007 0.2653 421

Table 6. Concentrations calculated from low, medium and high
concentration control curves and recovery percentages of metals
of interest in aqueous and ethanolic media.

Conc. of
Matrix HO Point (mg.L™") the curve %R
(mg.L™")
white 0.00179 -
0.001 0.00268 89
BDD C
4 0.004 0.00593 103.5
0.007 0.00896 102.4
white 0.00113 ;
0.001 0.00206 93
BDD Fe 0.004 0.00499 9.5
0.007 0.00855 106

the concentrations calculated from the analytical curves and
the percentages of recovery calculated as described in the
validation of the work methodology.

For the accuracy tests of this work the calculated recovery
percentage is expected to be within the range of 70 to 110%
stipulated by the AOAC (Association of Official Analytical
Chemistry)*®. The representations of recovery percentages
calculated at low (0.001 mg.L"), mean (0.004 mg.L") and
high (0.007 mg.L") concentration presented a satisfactory
recovery percentage, once which fit within expected range
(Table 6 and 7).

Considering that the CV results obtained during the
precision test in terms of intraday repeatability were less
than 10% and that the results obtained for the accuracy
test in terms of percent recovery were within the predicted
range, as recommended in literature'?, it is concluded that
the method presents satisfactory precision and accuracy,
thus guaranteeing reliability to the results obtained by the
proposed method.

As described previously, the lowest concentration measured
by the renucleated electrode was 0.0005 mg.L"' of Cu?*
and Fe’". To obtain the LD and LQ results a first study was
carried out comparing these limits in aqueous and ethanolic
media in distilled water and ethanol P.A., and then compared
with the study carried out in the matrices. This study was
necessary to know first the minimum amount detectable by
the electrode and second to obtain the minimum detectable
concentration in the matrix, since it has a significant amount
of the analysed analytes, being necessary to perform dilutions
in the matrices before doing the study of the LD and LQ".
Thus, the values of LD and LQ for metals Cu?>" and Fe** by
the proposed voltammetric method can be observed in Table 8.

Table 7. Concentrations calculated from low, medium and high
concentration control curves and recovery percentages of metals
of interest in aqueous and ethanolic media.

Matrix Conc. of
Point (mg.L")  the curve %R
Ethanol (mg.L")
white 0.00116 -
BDD Cu 0.001 0.00221 105
0.004 0.00458 85.5
0.007 0.00745 89.5
white 0.00107 -
0.001 0.00217 110
BDD Fe 0.004 0.00515 102
0.007 0.00756 92.7

Table 8. LD and LQ obtained for the BDD micro/nano electrode
in water and ethanol.

Electrode Matrix Metal LD LQ
o Cu 2.69x10*  3.39x10*
BDD 2 Fe 2.97x10%  3.26x10*
Cu 4.92x10*  5.13x10*
Ethanol
Fe 4.26x10%  4.87x10*

The results showed lower values of LD and LQ for this
electrode in aqueous medium, this is due to the fact that the
matrix difference directly influences the data acquisition.
However, considering the magnitude of the results obtained by
this method, it was possible to confirm that it has satisfactory
detection capacity and quantification efficiency.

4. Conclusions

The validation of the SWV technique using an electrode
of mixed morphology provided positive values for the
determination of metallic species on the surface of the BDD
electrode. This proposed electroanalytical method, combined
with the morphology of the BDD electrode, is an excellent
candidate for use in the determination of metallic species in
ethanol fuel and aqueous media, without the need for sample
treatment. Standing out more strongly in the determination
of metals in aqueous media, because of the matrix on the
electrode surface. Studies on different film doping values,
growth from the change in B/C ratio and physical modification
of'the BDD surface combined with detection in real samples
need to be carried out to find even better results.
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