Surfaces and Interfaces 9 (2017) 160-166

Contents lists available at ScienceDirect

Surfaces and Interfaces

journal homepage: www.elsevier.com/locate/surfin

Effect of different copper salts on the electrochemical determination of Cu
(II) by the application of the graphene oxide-modified glassy carbon
electrode

@ CrossMark

Hilal incebay?, Zafer Yazicigil™*

# Nevsehir Hact Bektas Veli University, Faculty of Arts and Sciences, Department of Chemistry, Nevsehir, Turkey
b Selcuk University, Faculty of Science, Department of Chemistry, Konya, Turkey

ARTICLE INFO ABSTRACT

In this study, graphene oxide and reduced graphene oxide nanoparticles were synthesized by Hummers method
and characterized Fourier transform infrared spectroscopy, X-ray diffraction spectroscopy, scanning electron
microscopy and thermogravimetric analysis. Then, glassy carbon electrode surfaces were modified with syn-
thesized and characterized graphene oxide (GO) and reduced graphene oxide (red-GO) using physical im-
mobilization. Bare and modified surfaces were characterized by cyclic voltammetry, electrochemical impedance
spectroscopy and scanning electron microscopy. Application of graphene oxide (GO/GC) and reduced graphene
oxide-modified glassy carbon (red-GO/GC) surfaces for the electrochemical determination of copper(ll) using
different copper salts such as CuSO45H>0, Cu(NO3)>3H20 and CuCl, were performed by differential pulse
voltammetry. The GO/GC surface was found to be suitable for selective determination of Cu(Il) in the solutions
containing the mixture of heavy metal ions (Zn(II), Pb(II), Cd(II), Fe(III) and Mn(II)) and showed high stability
and reproducibility. The GO/GC surface was treated with CuSO4-5H,0, Cu(NO5)5-3H50 and CuCl, salts solution
in optimum conditions and afterward SEM images were measured 10 um in size and radius of these ions in Cu
(I1)/GO/GC surfaces. Thus the determination of copper ions on the GO/GC surface was made for the first time by
comparing the effect of the types of copper salts. When it was evaluated in terms of inorganic theory, the results
were found to be in harmony.
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1. Introduction and noneconomic. Therefore, electrochemical techniques have an im-
portant place because of their high sensitivity, low cost, straightforward
operation and ease of miniaturization [17-20]. In particular, with the

development of nanomaterial science, carbon nanostructure based

Heavy metal ions have great importance in living organisms.
However, the amounts may cause serious problems to the environment

and human health [1]. For example, copper is an agent that is found
very abundantly in nature and is spread as a result of natural events. It
is one of the transition metals essential to human health and vital to all
living organisms [2,3]. However, exposure to excess copper ions can
cause some diseases including Wilson's disease, Menkes syndrome,
Alzheimer's disease, neurodegenerative diseases, cancer, and amyo-
trophic lateral sclerosis [4-8]. Furthermore, copper pollution is much
more serious in industrialized societies because of increasing industrial
emissions and the toxicity of metal ions in drinking water [8]. For this
reason, several effective methods are available for copper ion de-
termination. It also has received considerable attention due to its use in
material science and chemical industries [9,10]. Typical analysis
methods for heavy metals such as spectroscopic [11,12], colorimetric
[13-15], and fluorescent [16,17] techniques are very time consuming
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electrochemical systems are giving new inputs to novel heavy metal
sensors of interest for applications in environmental, health and other
fields [21-25].

Graphene oxide (GO), which is one of the carbon nanostructure
family, is a known monolayer of carbon atoms that form dense hon-
eycomb structures containing hydroxyl and epoxide functional groups
on the two accessible sides and carboxylic groups at the edges [26,27].
Moreover, these extremely thin carbon nanostructures possess unique
properties, including a large surface area for molecular adsorption, high
conductivity, low cytotoxicity and easy functionalization [28]. There-
fore, GO and its composites have a wide range of potential applications
on solar cells [29,30], energy storage [31,32], telecommunications
[33], robot construction [34,35], bioengineering and biomaterials areas
[36,371, and nanoelectronics [38,39]. In recent years GO, which has
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been the subject of many fields of study, also has an important role in
the adsorption of metal ions [40]. GO has great potential for the ad-
sorption of metal ions through its functional groups containing oxygen
[41]. The adsorption of metal ions on the GO surface is carried out by
physical or chemical adsorption depending on the kind of functional
groups. Thus it can form a metal complex with electron pair sharing of
metal ions with functional groups containing oxygen on the GO surface.
Furthermore, the large surface area of GO leads to high adsorption
capacity [42]. So GO can be used as an economical and practical ad-
sorbent for metal adsorption.

In this work, graphene oxide and reduced graphene oxide were
synthesized using Hummers method [43] and applied for the mod-
ification of glassy carbon electrode surfaces. Modified surfaces were
used for the electrochemical determination of copper(Il) from Cu-
S045H,0, Cu(NO3)»3H,0 and CuClI,, salts for the first time in optimal
conditions.

2. Experimental

All chemicals used in this study were of analytical grade and were
purchased from the Merck, Riedel and Sigma-Aldrich companies.

Graphene oxide (GO) was synthesized from graphite powder by
Hummers method [43]. To perform the synthesis, 69.0 mL H,SO4 and
3.0 g graphite powder were mixed at room temperature. At 0°C, 9.0 g
KMnO, was slowly added in portions to keep the reaction temperature
below 20 °C. The reaction temperature was increased to 30-35 °C and
stirred for 30 min then 138.0 mL of ultrapure water was slowly added in
order to prevent a sudden temperature increase. External heating was
introduced to maintain the reaction temperature at 95-98 °C for 15 min
then the reaction heat was decreased to room temperature using a
water bath for 10 min. Then 420.0 mL of ultrapure water and 3.0 mL of
30% H,0, were added to the mixture and centrifuged at 5000 rpm at
room temperature then washed repeatedly with ultrapure water to
neutralize. Finally, the bright brown precipitate was dried for 24 h at
50 °C.

Reduced graphene oxide (red-GO) was synthesized from graphene
oxide sheets [27]. For the preparation of graphene oxide plates, the
0.1 g of obtained GO plates was dispersed in 100 mL ultrapure water
with ultrasonic vibration for 2 h. Then hydrazine (hydrazine:GO = 1:8
in weight) was added to obtain a black suspension of reduced graphene
oxide sheets by stirring at 95 "C. Finally, the resultant black product was
filtered and dried at 50 °C for 24 h.

The commercial graphite powder, synthesized GO and red-GO were
characterized by Fourier transform infrared (FTIR-ATR) spectra (Bruker
Vertex 70 spectrometer in the range 4000-400 cm ' wavelength), X-
ray diffraction (XRD) (qu)ker D8 Advance X-ray diffractometer with
CuKa radiation (A = 1.54 A) at a scanning rate of 0.05°/min in the 26
range of 10-100°). Thermogravimetric analysis (TGA) of carbon na-
nostructures was also performed in an oxygen atmosphere at a heating
rate of 10 °C/min from 30 °C to 500 °C using a Shimadzu TGDTA 60
thermal analyzer. The surface layers of these nanostructures were
characterized by scanning electron microscopy (SEM-ZEISS LS-10
scanning electron microscope) without coating the nanostructures.

Prior to surface modification, the GC electrodes were cleaned ac-
cording to previously published protocols [44-46]. Synthesized 1.0 mg
GO and red-GO sheets were dispersed by sonication in 1.0 mL ultrapure
water to form homogeneous suspensions (1.0 mg/mL). GO/GC and red-
GO/GC electrodes were twice prepared separately dropwise with 5.0 uL
GO and red-GO suspensions on bare GC electrode surfaces (0.071 cm?)
and evaporated for 1 h at room temperature.

Electrochemical measurements were performed in a three-electrode
cell. GO/GC and rGO/GC were used as working electrodes, an Ag/AgCl
in saturated KCl (Ag/AgCl/(KCls,.)) as the reference electrode, and Pt
wire as the counter electrode. Cyclic voltammetry (CV), electro-
chemical impedance spectroscopy (EIS), scanning electron microscopy
(SEM), and differential pulse voltammetry (DPV) were conducted using
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a Gamry Reference 750 Potentiostat/Galvanostat
Instruments (PA, USA).

The bare GC, GO/GC and rGO/GC electrodes were characterized by
CV, EIS and SEM methods. The characterization with CV was performed
in a 1.0 mM ferricyanide solution prepared in BR buffer, pH 2.0, versus
Ag/AgCl/KCls,. The cyclic voltammograms were recorded on bare GC,
GO/GC and red-GO/GC electrodes in the potential range between
+0.6/0.0 V at the scan rate of 100 mV/s. The characterization with EIS
was performed in 100 mM KCl containing 1.0 mM of ferricyanide/fer-
rocyanide mixture. The Nyquist plots at bare GC, GO/GC and red-GO/
GC electrodes were recorded at frequency ranges from 0.1 Hz to 75 kHz
versus Ag/AgCl/KClg,.

In order to investigate electrochemical determination of copper(II)
ions, GO/GC and rGO/GC surfaces were immersed in aqueous Cu(Il)
ions containing solutions prepared in different pH value of
Britton-Robinson (BR) buffer solutions. The BR buffer was prepared by
mixing of H3BO3, H3PO4, CH;COOH and KCI stock solutions/chemicals
then the pH was adjusted by addition of diluted NaOH or HCI solutions.
Then, immersed electrodes were carefully washed with pure water and
stable potential for the reduction of Cu(Il) ions to metallic copper and
anodic stripping was applied by differential pulse voltammetry (DPV),
which was performed in the range of —0.3V to +0.3V versus Ag/
AgCl/KCl,,, with a pulse amplitude of 50 mV, pulse time of 0.1 s, pulse
period (interval) of 1 s and a voltage step of 2mV in BR buffer solution,
pH 5.0. Determination of Cu(Il) ions was carried out separately by DPV
technique using CuSO,5H,0, Cu(NO3),-3H,0 and CuCl, salts solution.
Then, the reproducibility test was performed using three different GC
electrodes, which were prepared in the exact same conditions.
Repeatability and stability tests were also performed using the same
electrode for copper detection multiple times.

In order to investigate determination of selective Cu(II) ions on GO/
GC, not only the effect of increasing concentrations (from 1mM to
4 mM) of each of the different interference metals (Zn(1I), Pb(II), Cd(II),
Fe(III), Mn(II)) was examined respectively in BR buffer solution con-
taining 1 mM Cu(Il) ions, but also the individual effects of increased
metal concentrations were investigated in the presence of the 1 mM
interfering (Zn(ID), Pb(II), CA(I), Fe(Ill) and Mn(II)) metal ions together
with 1mM Cu(Il) ions in BR buffer solution. For all experiments, the
DPV technique was applied.

from Gamry

3. Results and discussion
3.1. Characterization of the synthesized GO and red-GO sheets

The prepared graphene oxide and reduced graphene oxide na-
nosheets were examined by Fourier transform infrared (FTIR) spectro-
scopy. The FTIR spectrum of GO nano sheets illustrated the presence of
C—0 (Ve_o at 1050 cm ™ 1), C=C (Ve—¢ 1590-1620 cm 1), and C=0
(Ve—o 1720-1740 cm ™ 1Y) (see Fig. 1a), [47-50]. An absorption band
was observed at 3420 cm ! for vibration of the OH group of water
molecules [51]. Compared to GO, it was observed that a dramatic de-
crease in intensity of characteristic peaks of all the oxygen functional
groups of red-GO nanosheets occurred because of the reduction with
the hydrazine of GO. This showed that GO was almost completely re-
duced to graphene [52]. The reduction intensity of the peaks at
1730 em ™', 1620 cm ! and 1050 cm ™! indicated that the epoxide and
the hydroxyl groups attached to the basal graphene layer were re-
moved.

XRD patterns of raw graphene, GO and red-GO are presented in
Fig. 1b. GO exhibits a diffraction peak at 260 = 12.47° corresponding to
d spacing of 0.71 nm. This value is larger than the d-spacing (0.340 nm)
of raw graphite powder (20 = 26.49°) as a result of the intercalation of
water molecules and the formation of oxygen-containing functional
groups between the layers of graphite during oxidation [53]. In addi-
tion in raw graphite, a small peak at 54,7° was also observed for 0°0°4
plane. When the XRD peak of red-GO was evaluated it was seen that the
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Fig. 1. Spectrum of (a) FTIR, (b) X-ray diffraction; (c¢) Thermogravimetric analysis of Graphite, GO and red-GO.

disappearance of the 0°0°2 reflection peak located at 12.47° and ap-
pearance of two weak and broad diffraction peaks at 17.5° and 14.0°
suggested hybridization of sp® carbon was reestablished during the
reduction, which is due to at 14.0° peak remain of some oxygen-con-
taining functional groups during the reduction of graphene oxide, at
17.50 peak also reduce of the portion of the graphene oxide [54]. Thus
it was concluded that the reduced graphene oxide was obtained.

TGA curves of raw graphite, GO and rGO are shown in Fig. 1c. TGA
curve of raw graphite showed the smallest mass loss in the entire
temperature range. The mass loss of GO occurred in different tem-
perature ranges (the first step 0-240°C and the second 240-450 °C),
which was explained by the evaporation of labile oxygen-containing
functional groups [55,56]. Thermal stability of red-GO appeared higher
than that of pure GO, which indicated the efficient removal of oxygen-
containing functional groups by using hydrazine hydrate as the redu-
cing agent. As a result, raw graphite, GO and red-GO showed the re-
spective mass loss as about 4%, 60% and 20% of their own total mass in
the entire temperature range.

SEM images of raw graphite, GO and rGO taken in the area of 1 um
are shown in Fig. 2. SEM image of raw graphite showed sharp and
regular layers (see Fig. 2a). On the other hand, the SEM image of GO
exhibited a disappeared irregular structure (see Fig. 2b). As given in
Fig. 2¢, nanosheets of red-GO obtained by chemical reduction of the GO
showed reoccurrence of distinct layers, which were not as sharp as in
the raw graphite.

3.2. Electrochemical properties of the GO/GC and red GO/GC electrodes

Fig. 3a shows that the anodic and cathodic peaks of bare GC, GO/GC
and red-GO/GC electrodes were recorded in the presence of 1.0 mM
potassium ferricyanide in BR buffer, pH 2.0 solution versus Ag/AgCl/
KClg,. at a scan rate of 100 mV/s using CV. As shown in Fig. 3a couple
of well-defined redox peaks were observed for the bare GC electrode
(see Fig. 3, red line) because of the reversible redox behavior of the
ferricyanide ion. After immobilization of the GO onto the bare GC

EMT=2000kv  SgnelA = SEY EAT= 2000V

Mag= S00KX 1M
IProbe=  SOpA WD = 10.5mm —~

Sigral A = 51
IProte s S0pA  WO= 100mm

surface, a largely blocked interfacial charge transfer between the GC
surface and ferricyanide ion was observed (see Fig. 3, blue line) due to
the GO film acting as a barrier. Compared to the GO and the bare GC
surface, CV studies showed that the redox peak current's intensity on
the red-GO/GC (see Fig. 3, green line) electrode was higher than those
observed for the GO/GC and bare GC surface in cyclic voltammograms.
This demonstrated that the reactions of the ferricyanide redox probe
were more reversible on the red-GO modified surface than the GO
modified surface at the lower pH value (pH 2.0) due to the reduction in
the majority-OH groups of the negative charge in the GO structure.
Thus the red-GO modified GC electrode showed enhanced peak current
and electron transfer rates due to further reduction of GO [57,58].
Then, the charge transport process of bare GC, GO/GC and red-GO/GC
surfaces were studied in 100 mM KCl containing 1.0 mM of ferricya-
nide/ferrocyanide mixture using EIS. Impedance studies showed a de-
crease in the resistance of the GO/GC surface in Nyquist plots (see
Fig. 3b). Because GO enhances the conduction process and thus de-
creases the resistance for the modified surface. When comparing the
red-GO/GC surface with the bare GC surface it was seen that this sur-
face catalyzed the electrons transfer of ferri/ferrocyanide redox couple
[58,59]. From CV and EIS studies it is evident that red-GO/GC electrode
exhibited a higher conductivity than bare GC and GO/GC electrodes
due to the decreased oxygen content of red-GO. CV results were con-
sistent with the EIS results.

3.3. Electrochemical determination of copper ions from different copper
salts

The synthesized GO and rGO were used as efficient electrode ma-
terials to fabricate a highly sensitive and selective metal sensor for the
determination of copper [60]. In order to achieve better sensitivity,
DPV was employed as an analytical technique for effective detection of
Cu(Il) using different copper salt solutions. Fig. 4a—c show DPV re-
sponses of bare GC, GO/GC and red-GO/GC surfaces respectively in the
presence of 1 mM CuSO45H50, Cu(NO3)»3H50 and CuClI; salt solutions

Mag= S00KX '
" —

Mg = 1046 KX

Fig. 2. SEM micrographs of (a) Graphite, (b) GO, (c) red-GO.
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Fig. 3. (a) Cyclic voltammograms of 1.0 mM of ferricyanide in BR buffer, pH 2.0 at Bare GC, GO/GC, red-GO/GC surface. Potential sweep rate was 100 mV/s. (b) Nyquist plots of 1.0 mM
of ferri/ferrocyanide mixture solution in 100 mM of KCl Bare GC, GO/GC, red-GO/GC at frequency range from 0.1 Hz to 75 kHz.
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Fig. 4. Differential pulse voltammograms of Cu(II) at Bare GC; GO/GC; red-GO/GC recorded in BR buffer solution, pH 5.0. in the solution prepared with the (a) copper nitrate salt, (b)

copper sulfate salt, (¢) copper chloride salt.
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Fig. 6. SEM image of the aggregation formed by Cu (II) ions on GO/GC surface after standing in (a) the copper nitrate, (b) the copper sulfate, (¢) the copper chloride solutions prepared in

buffer BR at pH 5.0.

prepared in BR buffer, pH 5.0. The peaks with different sensitivity for
Cu(II) ions were detected versus Ag/AgCl/KClg,, on these surfaces. DPV
voltammograms showed that the highest sensitivity was at the surface
of the GO/GC electrode. This is thought to be due to the negatively
charged groups in the GO structure. Other researchers also noticed that
GO is focused on this effect of negative groups on GO structure in
copper ions determination [61,62]. For CuSO45H,0, Cu(NO3),-3H,0
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and CuClI, salts, the peaks were observed respectively at 0.0012V,
0.0346V, and 0.0008 V with the sensitivity of 50.56 pA 82.60 pA, and
38.17 pA at the GO/GC surface.

The effect of anion roots, focusing on the effect of the salt was also
investigated. At this point, when the sensitivity of the GO/GC electrode
to copper ions was examined, it was determined that the electro-
chemical responses of salts were Cu (NO3), > CuSO, > CuCl,. Thus it
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Table 1
Interference of various metal ions to DPV signal of GO/GC electrode registered in BR
buffer, pH 5.0 vs. Ag/AgCl/KClsat.

Tons Concentration (mM)  DPV peak curent Relative difference from
(nA) 1mM Cu®*

Cu(ID) 1 — 82,05 0

All metals 1 —62,98 23,24

Zn 1 52,40 36,48

Pb 1 48,36 41,06

Ccd 1 50,17 38,85

Fe 1 36,48 55,53

Mn 1 42,31 48,43

was thought that Pearson's hard acid-base theory can explain the effects
of anion/anion groups on determination of Cu(II) ions. According to
Pearson, the hard base that is large in ionic potential and the hard acid
that is large in ionic potential, and similarly the soft base that is small in
ionic potential and the soft acid that is small in ionic potential are
thermodynamically more stable [63]. When all these factors are taken
into consideration, the hardness status of the structures used in the
study according to Pearson is listed below.

Cu'? —medium hard acid $0, 2 —hard base

hard base CI' —hard base

NO; —

The Cu'? cation is (medium) hard acid and contains d orbitals.
Because of the low shielding effect [S] of d orbitals the effective core
charge [Z*] of Cu®" is greater than the apparent force, the radius is
small and it has large ionization potential [¢]. Chloride (Cl ), nitrate
(NO5 ) and sulfate (SO4_Z) anion/anion groups are hard bases with
high ionic potentials (§). In this case (hard acid-hard base) all of them
appear to be thermodynamically stable. The difference between them
determines that anion/anion groups are arranged in terms of their
susceptibility to the metal ions of the donor atoms [64]. The chloride
anion is larger than the ionic potential of nitrate and sulfate anion
groups (harder base) attached to 0 2 and CuCl, is the most stable
structure thermodynamically [50]. For this reason, it can be said that
the electrochemical responses of CuCl, are lower. Also, we can explain
nitrate and sulfate hard bases that have lower ionic potentials with their
m bonds, which is one of the reasons that affect hardness-softness
properties among themselves. According to Lewis's theory, the nitrate
anion has three resonance structures so its base is reduced and the ionic
potential is lower (see Fig. 5a). The sulfate anion also has a single
structure with a higher ionic potential, which is the harder base (see
Fig. 5b). Thus A CuSO, formed by the Cu™*? cation that is a strong acid
thermodynamically is more stable than Cu (NOs),_For this reason, we
can say that the electrochemical response of the sulfate salt is lower.
Since the thermodynamic stability order is Cu(NO3), < CuSO,4 < CuCly,
to give the highest electrochemical response of nitrate salt is a condition
that is expected.

3.4. Characterization of electrode surfaces in the presence of Cu(I) by SEM

GO/GC surface was kept in CuSO45H50, Cu(NO3)»-3H50 and CuCl,
salt solutions under optimum conditions and SEM images of Cu(Il) ions
were taken in 10 pm area and the diameters of the agglomerations
formed by Cu(Il) ions were measured. Fig. 6a shows that Cu(Il) ions
were deposited in the form of a cauliflower on the 10 um area and had
an average size of 28.75 pm on the GO/GC surface that waited in the Cu
(NO3)»3H50 solution. Then Fig. 6b shows that Cu(Il) ions scattered as
cauliflower appearance with sharp lines and an average size of
14.70 um on the GO/GC surface that waited in the CuSO45H,0 solu-
tion. Fig. 6¢ also shows Cu(ll) ions in the form of cauliflower appear-
ance, with markedness lines significantly reduced, densely packed and
with an average size of 10.11 um on the GO/GC surface that waited in
the CuCI, solution.
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3.5. Interference studies

Considering that different heavy metals may affect the electro-
chemical determination of the target ion (Cu(I)), selectivity of GO/GC
surface for Cu(Il) ions were investigated individually as well as si-
multaneously by the DPV technique in the presence of interfering Zn
(IN), Pb(ID), Cd(II), Fe(I1I) and Mn(II) heavy metal ions. When other ions
were presented at the same concentration as Cu(Il) ions, the order of
interference effect was determined as Fe(III) > Mn(II) > Pb(II) > Cd
(II) > Zn(I). The presented interfering metal ions at 1 mM concentra-
tion reduced the current peak from 36.48 to 55.53%. In case all dif-
ferent metal ions were presented in the same concentration in the
media, the developed GO/GC sensor was clearly able to determine Cu
(I1) ions and the current peak of copper(Il) ions reduced to 23.24%.
Also, no additional peaks were visible in the related potential range,
which would clearly indicate the interference effect and no other peaks
were observed in the potential range between —0.3V and +0.3V. At
this point we can say that Cu(II) ions are more rapidly bound to than
other metal functional groups containing -OH on the GO/GC surface.
The analytical parameters of Cu(I), Zn(II), Pb(II), Cd(II), and Fe(III)
metal ions are presented in Table 1.

Further repeatability and reproducibility of the GO nanoparticle
modified GC electrode were evaluated by taking three repetitive mea-
surements of DPV in the presence of 0.1 mM Cu(II) ions. For measure-
ments of repeatability of Cu(II) ions on the GO/GC electrode, the re-
lative standard deviation (RSD) was 5.22, 0.58, and 0.62% for
CuSO45H50, Cu(NO3)»3H0, and CuCl, salts, respectively.
Reproducibility of the GO/GC electrode was verified with three dif-
ferent electrodes and it showed an RSD of 0.73, 0.71, and 0.98% for
CuS045H0, Cu(NO3);-3H,0, and CuCl, salts, respectively. The stabi-
lity of the GO/GC electrode was estimated in the presence of 0.1 mM of
Cu(Il) in CuS0,45H,0, Cu(NO3),-3H,0, and CuCl, salt solutions and
retained sensitivity of 87.2, 80.1, and 86.3%, respectively for a period
of 45 days. The results indicate that the proposed sensor was highly
accurate. There was good reproducibility as the obtained relative
standard deviations (RSDs) are very small in all salts showing good
repeatability of the modified electrodes.

4. Conclusions

The GO/GC electrode proposed in this study showed high electro-
chemical sensitivity towards Cu(Il) ions of different copper salts. The
effect of anion roots on Cu™? ions was investigated for the first time in
this study. It was demonstrated that the electrochemical responses are
consistent with the inorganic theory. Thus a sensor design for the
electrochemical characterization of Cu(Il) ions from heavy metals,
which threaten human and environmental health, was developed
opening a new avenue for the development of sensing systems suitable
for industrial applications.
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