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Abstract
Sepiolite-based organic–inorganic hybrid materials bearing amine groups were prepared by chemical grafting using 3-aminopropyltriethoxysilane (APTES) and 
[(3-(2-aminoethylamino)propyl)]trimethoxysilane (AEPTMS). The structural properties of the pristine sepiolite and the obtained composites materials were analysed 
using XRD, TG/DTA analysis and FTIR. The surface ion exchange ability of the functionalized clay minerals coated as thin film on glassy carbon electrodes and 
exposed to [Ru(NH3)6]3+/2+ or [Fe(CN)6]3−/4- electroactive probes was also investigated by multisweep cyclic voltammetry (MSCV) and by Electrochemical impedance 
spectroscopy (EIS). From MSCV data, it was found that sepiolite and organosepiolites display a permselective behavior depending on the charge on its surface while 
EIS results showed that the functionalization of sepiolite enhanced its conductivity. The organosepiolites were tested in a comparative way for the voltammetric 
detection of mercury (II), and some preliminary experiments based on differential pulse voltammetry highlighted the interest of using the most sensitive organoclay 
(i.e. the sample grafted by AEPTMS) for the electroanalysis of several heavy metals in the same solution.
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Introduction
The development of organic-inorganic composite materials 

combining at the nanometer scale the properties of their components has 
received much interest in the few past years. The resort to clays and clay 
minerals as inorganic parent support for such materials is due to their 
surface reactivity and ability to immobilize guest organic molecules, 
either within their structure or on their surface [1-3]. In fact, clay-based 
nanohybrid materials offer a wide range of applications in environmental 
protection [4-8], in catalysis [9-10], in polymer science [11-12] and in 
analytical electrochemistry [13-16]. In the last-mentioned application, 
composite materials derived from the modification of kaolinite [17-18] 
and smectite [19-23] as precursors are the most investigated, probably 
because these types of clay possess a layered structure favorable to 
intercalation processes and grafting reactions. At the opposite, the 
implication of fibrous clay minerals for electroanalytical purposes is 
scarce, although many works in literature have been devoted to their 
chemical modification [24-28]. Depending on the nature of the clay 
mineral, the preparation of organic-inorganic clay-based composite 
materials, exploited as electrode material proceeds mainly by two 
processes: (1) the intercalation of organic molecules within layered 
clay minerals such as kaolinite [29-32] and montmorillonite [1,33-
36], and (2) the grafting of functionalized organic molecules onto the 
surface of clay minerals [6,37-40]. This last approach is convenient for 
all types of clay minerals bearing hydroxyl groups (aluminol or silanol) 
in their structure since it leads to the irreversible binding of the organic 
molecule on the clay surface. This aspect is of key importance when the 
desired organoclay bearing a specific functional group is to be exploited 
for the uptake from aqueous solution of a target species. This is the 
case in analytical electrochemistry where functionalized clay minerals 
are used as active component for the elaboration of organoclay-based 

composite electrodes. These modified electrodes have been shown to 
be useful in preconcentration electroanalysis and electrocatalysis, and 
for the elaboration of sensors or biosensors [41,42]. Two main types 
of electrodes are mostly exploited for electroanalytical purposes: (i) 
carbon paste electrodes incorporating a functionalized clay mineral and 
(ii) film-coated electrodes obtained by drop- coating or spin-coating a 
thin film of organoclay on the surface of a conventional solid electrode 
(e.g. glassy carbon, platinum or graphite) [42].

Sepiolite with the half-unit cell chemical formula 
Mg8Si12O30(OH)4(H2O)4.8H2O is a fibrous porous hydrated magnesium 
silicate [26,43,44]. Structurally, it is made up of blocks and channels 
extending in the fiber direction (c-axis). Each structural block is 
composed of two tetrahedral silicate sheets and central octahedral sheets 
containing Mg. It possess silanol (SiOH) groups located every 0.5 nm 
along the side of external channels while Mg(OH)2 form polar groups 
within the channels [26]. As for other types of clay minerals, it clearly 
appears that sepiolite can lend itself to grafting reactions, especially 
from silanol group it comprises. To the best of our knowledge, the use 
in electroanalysis of sepiolite modified by the grafting of functionalized 
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and isopropanol, and dried at 110°C overnight under vacuum. The 
modified sepiolite is hereafter referred as Sep- AEPTMS.

Preparation of working electrodes

Prior to their uses, Glassy carbon electrodes (GCE, Ø = 3 mm) 
were polished with alumina slurries of different size (1, then 0.05 µm) 
on billiard cloth. Afterwards, they were placed in a 1:1 ethanol-water 
solution and properly cleaned in a sonicator for 10 min to eliminate any 
remaining alumina particles. Thin clay film working electrodes were 
prepared by “drop coating” 20 µL of the aqueous dispersion (1 mg of 
material in 1 mL water) of either pristine sepiolite or organonosepiolite 
on the active surface of the GCE, followed by 4 hours drying at room 
temperature before electrochemical experiments. The clay modified 
working electrodes are hereafter denoted GCE/Sep, GCE/Sep-APTES 
and GCE/Sep-AEPTMS, for a GCE modified by pure sepiolite, Sep-
APTES and Sep-AEPTMS respectively.

Characterizations of materials

The pristine clay mineral sample and its grafted counterparts were 
characterized by several physicochemical techniques.

Powder X-ray diffractometry (PXRD): Structural characterization 
by means of PXRD was performed on a Siemens D5005 diffractometer 
(Bruker AXS S.A.S) equipped with Cu Kα radiation (λ = 0.15406 nm) 
and operating at 45 kV and 40 mA.

Thermal analysis: Differential thermal analysis (DTA) and 
thermal gravimetric analysis (TGA) were performed on a SDT 2960 
Simultaneous DSC-TGA instrument under N2 flow (100 mL min-1) 
with a heating rate of 10°C min-1.

Fourier transform infrared (FTIR): FTIR spectra were recorded 
using an Apha-P FTIR spectrometer supplied by Brucker. The samples 
were analysed at room temperature using KBr pellets (sepiolite and 
organosepiolites mass fraction <10%).

Electrochemistry experiments

Electrochemical experiments were carried out at room temperature 
with the µ-Autolab potentiostat (Eco Chemie, Holland). A conventional 
three electrode cell configuration was employed. Film modified GCEs 
were used as working electrodes, with an Ag/AgCl/KCl 3 M reference 
electrode (Metrohm) and a platinum wire as counter electrode. 
Multisweep Cyclic voltammetry (MSCV) was carried out in 0.5 M 
NaNO3 (at pH3) containing [Fe(CN)6]

3- or [Ru(NH3)6]
3+ redox probes 

to qualitatively characterize accumulation/rejection phenomena and 
mass transport issues through the various films. The accumulation (or 
repelling) process was appreciated by comparing the signals obtained at 
modified electrodes to those recorded using the bare GCE.

Electrochemical impedance spectroscopy (EIS) was used to 
characterize the electron transfer properties of the modified electrodes. 
The Nyquist plots were recorded with an OGS- 80 Origalys potentiostat 
(Origalys, France) coupled to a computer.

For the electrochemical sensing procedure, experiments were 
performed in two successive steps: an open-circuit preconcentration of 
the analyte on the working electrode surface, followed by voltammetric 
detection in a separate medium. For the first step, the working electrode 
was dipped in a beaker containing 10 mL of aqueous solution charged 
with the analyte at a given concentration, and kept under mild stirring. 
Upon preconcentration for a predetermined duration, the electrode 
was promptly removed and rapidly rinsed with distilled water, then 

organosilanes is not yet reported. Therefore, the purpose of the present 
work was to explore the possibility of utilizing natural sepiolite as 
inorganic backbone for the preparation of composite materials, 
followed by their evaluation as electrode component for the detection of 
some toxic heavy metals in dilute solutions. Thus, the functionalization 
of sepiolite was achieved using 3-aminopropyltriethoxysilane 
(APTES) and [(3-(2-aminoethylamino) propyl)]trimethoxysilane 
(AEPTMS) selected as organosilanes bearing complexing amine 
groups known to display strong affinity for metal ions. The modified 
clays were characterized by X-ray powder diffraction (XRD, Fourier 
transform infrared (FTIR) spectroscopy, Thermogravimetric (TG) and 
Differential thermal analysis (DTA). The sample modified by AEPTMS 
displayed better sensitivity towards the electrochemical quantification 
of Hg2+ ions when coated on the surface of a glassy carbon electrode. 
It was further successfully employed as electrode modifier for the 
simultaneous detection of Cd2+, Pb2+ and Hg2+. The results obtained 
herein highlighted the application of organosepiolite as prominent 
composite material for the elaboration of amperometric sensors.

Experimental
Clay mineral, chemicals and reagents

Sepiolite (sample Sep-1) with the chemical composition (%) of 
SiO2: 52.9, MgO: 23.6, Al2O3: 2.56, Fe2O3: 1.22, FeO: 0.3, MnO: 0.13 and 
K2O: 0.05 was obtained from the Source Clays Repository of the Clay 
Minerals Society (Purdue University, USA). It was purified according 
to already established procedures involving crushing, centrifuging 
and weak acid treatment to eliminate carbonates [9,45]. The clay-
sized particles with equivalent spherical diameter < 2 µm were used in 
further experiments.

All chemicals and reagents were analytical grade. The organic 
grafting agents were 3- aminopropyltriethoxylsilane (APTES) and 
[(3-(2-aminoethylamino)propyl)]trimethoxysilane (AEPTMS), 
obtained from Sigma-Aldrich; they were used without further 
purification. Toluene (99.8%) was obtained from Merck. NaOH (> 
98%, pellets) was purchased from Fluka, HNO3 and HCl (>36%) from 
Riedel-de-Haën. For electrochemical measurements, dilutes NaOH 
and HCl solutions were used for pH adjustments. K3Fe(CN)6 (> 99%, 
Prolabo), K4Fe(CN)6 and Ru(NH3)6Cl3 (Alfa) were reagent grade and 
used as received. Analytical solutions containing heavy metals species 
were prepared by dissolving Hg(NO3)2, Pb(NO3)2 and Cd(NO3)2 into 
redistilled water.

Modification of sepiolite by graffing of orgnosilanes

Organically modified sepiolites were prepared according to a 
procedure previously used in our group for the grafting of amino groups 
on smectite-type clay mineral [37]. Aminopropyl grafting sepiolite 
were obtained by refluxing a suspension made of 1g of dried sepiolite 
in 20 mL of dry toluene to which 4 mL APTES were added dropwise 
for 2 h under constant stirring. After a slow cooling of the reaction 
mixture, the solid phase was recovered by filtration and washed three 
times with fresh isopropanol. The resulting products were then dried at 
60°C overnight under vacuum. The resulting functionalized material is 
denoted Sep- APTES. 

A similar procedure was used to functionalize the clay sample with 
AEPTMS: 1 g of sepiolite suspended in 20 mL toluene was refluxed and 
mechanically stirred for 1 h under dry nitrogen. To this suspension, 5 
mL of AEPTMS were added dropwise. The mixture was refluxed for 
another 24 h, filtered and washed with water, followed by methanol 
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The thermogravimetry and the first derivative curves of sepiolite 
modified with APTES are shown in Figure 2b. Six distinct weight 
losses are observed. The first weight loss (2.40%) occurring at 48°C is 
attributed to the departure of zeolitic water. The second phenomenon 
centered at 182 °C (6.90 % of total weight loss) is attributed to the loss 
of APTES molecules from the channels of sepiolite. As in the case of 
the pristine sepilolite, the loss between 0 and 200°C (9.3%) is ascribed 
to zeolitic water. This may suggest that some water molecules in the 
channels of sepiolite are replaced by APTES molecules. The third 
weight loss observe at 300°C (2.85%) is due to the removal of water on 
dehydration while the fourth weight loss at 430°C (2.55%) is attributed 
to the degradation of APTES molecules attached to the silanol groups 
on the surface of sepiolite. The fifth weight loss at 520°C (2.40% of 
weight loss) similar to that occurring in pristine sepiolite is due to the 
removal of coordinated water, and the last one centered at 831°C (2.3%) 
is once more attributed to dehydroxylation of the sepiolite.

The thermogravimetric pattern of sepiolite modified with AEPTMS 
is shown in Figure 2c. Height distinct phenomena are clearly observed. 
Before 300°C, three weight losses centered at 52°C, 91°C and 175°C are 
attributed to the removal physisorbed and zeolitic water, followed by 
the loss of hydratation water at 290°C. The decomposition of AEPTMS 
molecules grafted on sepiolite surface occurs mainly between 300 and 
700°C, concomitantly with the removal of coordinated water. Finally, 
the destruction of the clay mineral structure is obtained at 831°C.

FT-IR analysis of pristine sepiolite and organoclays: FT-IR 
experiments were performed to see if the organic molecules were 
successfully grafted on sepiolite. Figure 3(a) shows the infrared 
spectrum of pristine sepiolite, formed by two main absorption regions. 
The first zone between 3750 and 3000 cm-1 contains absorption bands at 
3565 and 3393 cm-1 that correspond to the OH vibration of Mg-OH, or 
to the OH vibration of zeolitic water [34-35]. The second zone between 
1700 and 500 cm-1 displays a first band at 1643 cm-1 attributed to the 
bending of zeolitic water. The peaks observed between 1200 and 400 
cm-1 are characteristic of silicate backbone: the bands at 1204, 1050 and 
806 cm-1 are assigned to Si-O bond stretching vibration of Si-O-Si group 
[35]. The bands at 647 and 696 cm-1 correspond to Si-O stretching and 
Mg-OH bond vibration respectively [36].

The spectra of sepiolite organically modified by APTES and 
AEPTMS are provided in Figure 3(b) and Figure 3(c), respectively. For 
both organoclays, the aliphatic C-H stretching vibrations are found in 
the 3000 - 2700 cm-1 region. The peaks appearing at 2946, 2837 and 
2872 cm-1 are attributed to asymmetric and symmetric CH vibrations 
of methoxy and ethoxy groups, and to the CH2 chains from the silane 
molecules [4]. The scissoring deformation mode due to CH2 groups 
are found at 1490 cm-1. All of these signals, absent on the spectrum 
of raw sepiolite confirm the modification of the clay mineral. One can 
additionally note that the band at 1643 cm-1 characteristic of zeolithic 

transferred into the electrochemical cell containing the detection 
solution. The previously accumulated species were then analyzed by 
differential pulse voltammetry in anodic mode using the following 
parameters: pulse amplitude 50 mV, step potential 5 mV, equilibrium 
time 5 s and accumulation potential -0.5 V. Potential scan range was 
between 0.0 V and +0.3 V for the electroanalysis of Hg(II) species, and 
from -1.0 V to +0.4 V for the simultaneous detection of Cd(II), Pb(II) 
and Hg(II) ions.

Results and discussion
Characterization of materials

DRX characterization: The XRD patterns of purified sepiolite 
and its functionalized derivatives are shown in Figure 1. The main 
diffraction peaks observed are listed in Table 1 that are associated with 
the clay mineral structure [46]. As main observation, no significant 
change did not occur on the diffraction peak position of sepiolite after 
the grafting of APTES and AEPTMS. In addition, the same diffraction 
peaks were found in pristine and grafted sepiolites, indicating that the 
structure of the clay mineral is maintained after modification.

This is evidenced by the fact that the functionalization of sepiolite 
occurs mainly by surface modification or by partial replacement of 
zeolitic water as previously demonstrated by several authors [26,27]. 
However, one can observed that most peak intensities decreased from 
natural sepiolite to its modified counterparts as a result of structural 
distortion occurring at the plane atoms in the sepiolite [7,6].

Thermal analysis: Thermal analyses were performed on pristine 
and grafted sepiolites. The results expressed in terms of differential 
thermal analysis (DTA) plot, thermogravimetric curve (TG) and its 
first derivative (DTG) are shown in Figure 2. Four typical distinct 
weight losses were observed for raw sepiolite (Figure 2a): the first step 
occurring at 83°C is attributed to the loss of zeolitic water which takes 
place from 40°C and is completed at 200°C. It is followed by two other 
steps in which sepiolite losses half of the coordinated water at 290°C 
while the remaining part of this water is removed around 520°C. The 
last step occurs at 831°C and is relate to the departure of water related to 
structural OH, that is to the endothermal dehydroxylation of sepiolite 
leading to the destruction of its structure [26,43,44].

Figure 1. PXRD patterns of (a): Sep, (b): Sep-APTES and (c): Sep-AEPTMS. 

(hkl) 2θ
Diffraction peak height

Sep Sep-APTES Sep-AEPTMS
(110) 7.32 576.92 434.48 426.67
(130) 11.82 48.15 33.79 46.67
(200) 13.64 46.15 35.17 40.00
(150) 18.18 38.46 47.58 --
(060) 19.64 107.69 100.00 133.33
(131) 20.90 200.00 151.03 186.67
(221) 23.73 146.15 120.69 126.00
(420) 27.27 176.92 110.34 126.00
261) 28.18 161.54 82.76 86.67

Table 1. XRD indexes of pristine sepiolite and organo functionalized sepiolites.
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water do not undergo change, suggesting that the oorganosilane 
molecules are not incorporated into the channels of sepiolite but have 
reacted with the external Si-OH groups found on its surface [4] as 
expected.

Evaluation of grafted functional groups by Multisweep cyclic 
voltammetry: Sepiolite, a clay mineral with neutral fibers bears 
surface silanol groups available for coupling reactions. However, it 
is awaited that its modification by amino functionalization leads to 
changes in its surface electrical properties. In this respect, the charge 

on Sep-APTES and Sep- AEPTMS was investigated by multisweep 
cyclic voltammetry on the basis of permselectivity experiments. Thus, 
the ion exchange properties of these organoclays were tested using 
[Fe(CN)6]

3- and [Ru(NH3)6]
3+ ions as standard redox probes. Figure 

4(a) shows the cyclic voltammograms recorded in 0.5 M NaCl (with 
pH adjusted to 3) + 2 × 10-4 M [Fe(CN)6]

3- on a glassy carbon electrode 
modified with pure sepiolite. By cycling, a reversible system centered 
at +0.25 V is obtained which results from the activity of [Fe(CN)6]

3- 
ions physically adsorbed onto the surface of sepiolite. This surface was 
rapidly saturated as a stable voltammogram (with a peak current of 2.8 
µA) was obtained from the 2nd to the 10th cycle. By replacing the GCE/
Sep working electrode by GCE/Sep-APTES then GCE/Sep-AEPTMS, 
performing the same experiment as in Figure 4a leads to a different 
behavior as shown in Figure 4b and Figure 4c: the continuous potential 
scan induces a gradual increase in peak currents with the number 
of scans, mostly in the cathodic direction. A steady state is reached 
upon 18 and 25 cycles, for GCE/Sep-APTES and GCE/Sep-AEPTMS 
respectively. The corresponding peak currents values were 6 µA and 
7 µA, that is about or more than 2-fold higher the one recorded in 
Figure 4a with pristine sepiolite. This behavior could be attributed to 
the grafted amino groups on sepiolite that generate a partial positive 
charge at the electrode surface in acidic medium. The observed increase 
in peak currents is due to the accumulation of [Fe(CN)6]

3- ions by the 
film of organoclays on the surface of the GCE, favored by electrostatic 
interactions between the positively charge amine groups and [Fe(CN)6]

3- 
species bearing negative charge, as previously described in scientific 
literature by several authors [19,47].

To confirm the idea that the uptake of [Fe(CN)6]
3− is governed 

by electrostatic considerations, the experiments here above described 
were performed once more but by using the positively charged redox 

Figure 2. TG(i), DTG (ii) and DTA (iii) curves of (a): Sep, (b): Sep-APTES and (c): Sep- AEPTMS recorded under nitrogen atmosphere from room temperature to 1000°C.

Figure 3. FTIR spectra of (a): Sep, (b): Sep-APTES and (c): Sep-AEPTMS materials.
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of GCE/Sep (Figure 5b), 1172 Ω) and GCE/Sep-AEPTMS (Figure 5c), 
304 Ω).

These data clearly indicated that the grafting of AEPTMS on the 
surface of sepiolite favorably enhanced the rate of electron transfer, 
thereby facilitating the oxidation-reduction of the investigated redox 
probes. The performance of the aminosepiolite is associated to 
interactions between the [Fe(CN)6]

3- /4- redox couple and the partial 
positive charge carried by amine groups of the organic modifier in mild 
acidic medium.

Electroanalytical applications of organoclays for heavy metals 
sensing

In order to highlight the possible use of grafted clay minerals as 
electrode modifiers for the electroanalysis of heavy metals species, 
some electrochemical experiments were performed that aim at 
compare the performance of both pristine and grafted sepiolites 
towards the detection of Hg(II) chosen as target pollutant model. In 
this respect, thin film modified electrodes were prepared to possess 
the same amount of clay material on the glassy carbon electrode. By 
applying the preconcentration-detection sequence as described in the 

probe [Ru(NH3)6]
3+: repetitive potential scans resulted in insignificant 

faradic response for all working electrodes as shown in Figure 4(a’) 
to Figure 4(c’). Mainly, not increase in peak height was observed, the 
steady-state currents recorded on GCE/Sep-APTES and GCE/Sep-
AEPTMS corresponding almost to that displayed by GCE/Sep. To 
conclude this section, one could admit that the efficiency of sepiolite 
before and after its functionalization is guided by electrostatic forces 
between the clay material on the electrode surface and that on the 
analyte. In addition, these results have confirmed the effectivity of the 
grafting of organosilanes on sepiolite surface as already shown by other 
characterization techniques.

Electrochemical Impedance Spectroscopy (EIS): EIS has been 
additionally used here to investigate the effect of sepiolite modification 
process observed in the previous section on the impedance of the 
GCE before and after the coverage of its surface by pure sepiolite and 
Sep-AEPTMS. Figure 5 presents the Nyquist plots of EIS experiments 
for unmodified GCE, GCE/Sep-AEPTMS and GCE/Sep. The main 
difference between the recorded curves is the evolution in the charge 
transfer resistance (Rct) values for [Fe(CN)6]

3- /4- redox couple. On the 
bare GCE (Figure 5(a)), the Rct value of 3470 Ω was greater than that 

Figure 4. MSCV curves of 2 x 10-4 M [Fe(CN)6]
3- recorded in 0.5 M NaCl on the GCE modified with a film of (a) Sep; (b) Sep-APTES and (c) Sep-AEPTMS. Figures (a’), (b’) and (c’) 

correspond to the same working electrodes when in the supporting electrolyte [Fe(CN)6]
3- species were replaced by [Ru(NH3)6]

2+ at a concentration of 10-3 M. The scan rate was 50 mVs-1 
for all voltammograms.
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experimental section, the recordings obtained are displayed in Figure 
6 that presents for the investigated modified electrodes the evolution 
of the anodic stripping voltammetry peak current of 10-5 M Hg(II) as 
detected in 0.05 M HCl after 10 min accumulation. One can clearly 
observed that the nature of clay material used as glassy carbon electrode 
(GCE) modifier has induced significant changes in the amperometric 
response of Hg(II). The ability to detect Hg(II) ions gave a capacity 
order of GCE/Sep < GCE/Sep-APTES < GCE/Sep-AEPTMS, with 
stripping currents of 3, 7 and 14.5 µA, respectively. As compared to 
the GCE modified by pristine sepiolite (Figure 6(a)), the presence of 
grafted sepiolites gave better response in terms of peak current (Figure 
6b and Figure 6c). Such a behavior could be reasonably attributed to the 
presence of amino functional groups on the electrode modifier, that are 
recognized to possess metal binding ability [5,48]. This explanation is 
further confirmed by the fact that GCE/Sep-AEPTMS is more sensitive 
than GCE/Sep-APTES, as a result of more N atomes binding sites on 
AEPTMS molecules compared to APTES. Yet, in the accumulation 
step, the uptake of Hg(II) is governed by the formation of HgII-N bonds.

In preconcentration electroanalysis devoted to the detection 
of a given heavy metal species, one main issue to be solved is the 
interference of others ions that are usually present in the medium 
under investigation. Concerning the detection of Hg(II) ions especially, 
Pb(II) and Cd(II) ions are known as common interfering species. Two 
situations are usually encountered when these ions are to be detected 
simultaneously: (1) the first one is the appearance of peaks related to 
these ions at close potentials, what renders difficult the identification 
of analytes, and (2) the mutual interaction between the investigated 
ions that causes an increase or decrease in peak currents of each other. 
Also in this section, the GCE/Sep-AEPTMS was dipped into a solution 
containing Hg(II), Pb(II) and Cd(II) ions all charged at a concentration 
of 10-5 M. Upon 10 min preconcentration, the DPV curves recorded 
in 0.05 M HCl are shown on Figure 7: it was noticed that the signal 
related to Hg(II) ions is not significantly influenced by the presence of 
Pb(II) and Cd(II), both in terms of peaks potential and current if one 
compares the response of 10-5 M Hg(II) shown in Figure 6(c). Yet, the 
electrochemical signal of Pb(II) and Cd(II) clearly appeared around 
-0.5 V and -0.7 V, respectively. Apparently, the binding sites on the Sep-

AEPTMS at the GCE electrode seem not to be saturated due to the low 
concentration of the analytes in solution.

These preliminary results demonstrate the interest of using 
functionalized sepiolite instead of pristine clay mineral as sensing 
material for the simultaneous detection of Hg(II), Pb(II) and Cd(II) in 
the same solution. In a future work, our investigations will be focused 
on the optimization of the sensor herein proposed, in such a manner to 
use it in real natural media for the detection of heavy metals.

Conclusion
Two organosilanes bearing amine groups, namely 

3-aminopropyltriethoxysilane and [(3-(2 aminoethylamino)propyl)]
trimethoxysilane were grafted of the surface hydroxyl groups of 
sepiolite. The pristine clay mineral and the obtained organoclays were 
well characterized, and it was shown by XRD data that the fibrous 
structure of the clay is maintained upon functionalization, while the 
presence of the organic molecules were confirmed by FTIR and thermal 
analyses. New patterns of reactivity were induced on sepiolite due to the 
amino groups, as its binding capacity towards the uptake of metal ions Figure 5. Nyquist plots showing the differences in the interface properties of sepiolite 

before and after grafting using AEPTMS. EIS was recorded in the presence of 5 mM 
[Fe(CN)6]

3-/4- in 10 mM Phosphate buffer solution (pH 5) + 20 mM K2SO4, using (a) the 
bare GCE, (b) GCE/Sep and (c) GCE/Sep-AEPTMS.

Figure 6. DPV curves recorded after 10 min accumulation from 10-5 M Hg2+ aqueous 
solution at pH 3 on a GCE modified with a film of (a): Sep, (b): Sep-APTES and (c): Sep- 
AEPTMS. Detection was performed in 0.05 M HCl after 30 s electrolysis at - 0.5 V.

Figure 7. DPV curves recorded after 10 min accumulation in aqueous solution (at pH 3) 
containing 10-5 M (Hg2+, Cd2+ and Pb2+), on GCE/Sep-AEPTMS. Detection was performed 
in 0.05 M HCl after 30 s electrolysis at - 0.5 V.
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significantly increased when the organoclays were applied as sensing 
materials in preconcentration electroanalysis. The results showed that 
the sepiolite sample functionalized using [(3-(2-aminoethylamino)
propyl)] trimethoxysilane was more sensitive for the electrochemical 
detection of Hg(II), Pb(II) and Cd(II) species, and that it could 
be exploited as a potent electrode material for the simultaneous 
quantification of several heavy metals in aqueous media.
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