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G R A P H I C A L A B S T R A C T

Scheme 1 Representation of the formation of ethyleendiamine modified PANI/SWNTs nanocompsite based electrochemical sensor for sensitive and selective
detection of Ni(II) ions.

The formation of EDA modified PANI/SWNTs nanocomposite for detection of Ni(II) ions is shown in Scheme 1. The PANI/SWNTs nanocomposite structure was
deposited on stainless steel (SS)-304 substrate through electrochemical route. Further the nanocomposite was modified with ethylenediamine via dip coating
technique at room temperature.
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A B S T R A C T

Present communication deals with demonstration of a simple and facile approach towards electrochemical
synthesis of single walled carbon nanotubes (SWNTs) and polyaniline (PANI) nanocomposite by electrochemical
method and its application for the detection of Ni(II) metal ion from aqueous media in presence of ethylene-
diamine (EDA) chelating ligand. The modification of PANI/SWNTs nanocomposite with EDA was done through
simple dip coating technique at room temperature. Polyaniline (PANI) and single walled carbon nanotubes
(SWNTs) nanocomposite considered as a sensing backbone. EDA served the purpose of selective detection of Ni
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Nickel ion (II) metal ion from aqueous media due to its ring-like structure. Ethylenediamine functionalized PANI/SWNTs
nanocomposite (EDA-PANI/SWNTs) properties are evident from Electrochemical, Fourier transform infrared
spectrometer (FTIR), Raman Spectroscopy, X-ray diffraction (XRD) and Atomic force microscope (AFM) analysis.
Differential Pulse Voltammetry (DPV) technique was applied for the electrochemical analysis of Ni(II) ion. All
recorded observations revealed that EDA modified PANI/SWNTs nanocomposite is suitable for the detection of
Ni(II) ion.

1. Introduction

Contemporary carbon nanotubes (CNTs) and organic conducting
polymer (OCP) based nanocomposite materials are grasping the atten-
tion of research communities due to their nanometer-sized structures
and excellent properties [1–5]. High surface to volume ratio of nano-
composite materials is a key factor for the catalytic activities. The na-
nocomposite materials also show outstanding magnetic, optical, elec-
tronic, chemical, and electrochemical properties. In fact CNTs were first
time discovered in 1991 by Sumio Ijjima [6]. CNTs have excellent
electrical properties as well as large surface area compared to other
carbon based materials. CNTs shows improved mechanical properties
like high tensile strength, flexibility due to its Sp2 bonded carbon
structure [7,8]. CNTs are insoluble in water due to their polar nature
[9] and likely advisable for the most of the analytical applications.
CNTs can be functionalized covalently and non-covalently with a
variety of materials to form the modified and composite electrode
materials for plenty of applications with improved properties [10,11].
The extraordinary properties of CNTs, such as ease of functionalization
ability, high surface to volume ratio, unique thermal, chemical, elec-
trical and mechanical properties make them most preferred material for
plenty of applications [12,13].

OCPs have enormous chemical, mechanical, optical and electrical
properties and these properties as a result OCPs have been explored for
various applications [14–17]. OCPs are enough flexible to make re-
versible changes in conductivity, color, mass and volume via doping,
owing to their unique conjugated p-electron system [18–20]. Thus,
OCPs Viz., polyaniline (PANI), polypyrrole (PPy), and polythiophene
(PTh) are having great deal of interest and widely applicable for elec-
trode materials due to their high conductivity, high pseudo capacitance,
low cost, environmental stability, and ease of synthesis [21–24].
However, in spite of all these suitable properties, OCPs have some
limitations in their use due to the considerable volume change during
the repeated intercalation and depletion of ions during charge and
discharge process which is responsible for the largely decrease in me-
chanical stability of OCPs [25]. In this context, CNTs are promising
materials to incorporate with OCPs to facilitate and improve the per-
formance of OCPs for various applications due to their high surface area
and high mechanical strength, electrical conductivity and chemical
stability [26,27].

In 1994 Ajayan et al., has first reported the great advantage of the
composite structure of CNTs-OCPs utilizing their individual countless
profitable properties [28,29]. The combination of CNTs and OCPs based
composite materials can achieve improved synergistic effect which
means to achieve an efficient electro catalysis [30,31].

Thus, CNTs-OCPs composite structure have a wide range of appli-
cations in quite large number of fields such as, biomedical [32], or-
thopedic implants [33], treatment of periodontal diseases in dentistry
[34], VOC sensors [35] etc.

In this regard, herein we have synthesized a single walled carbon
nanotubes (SWNTs) – polyaniline (PANI) composite with ethylenedia-
mine (EDA) as modifier chelating ligand for the detection of Ni(II) ion
from the aqueous phase. PANI can interact with SWNTs via π-π stacking
which corresponds to non-covalent bonding. In the composite forma-
tion, SWNTs will act as a backbone of the structure surrounded by PANI
molecules. EDA molecules will bind to the surface of PANI molecules
and can firmly attach through π-π interaction which gives the

ethylenediamine modified PANI-SWNTs nanocomposite for the selec-
tive and sensitive detection of Ni (II) ions.

2. Experimental

2.1. Materials and reagents

Aniline of reagent grade was purchased from Sigma Aldrich
(Bangalore, India); Dodecyl benzene sulphonic acid sodium salt (DBSA)
was procured from Kemphasol (Bombay, India) and it was used as
surfactant and organic solvent to form fine suspension of SWNTs. H2SO4

of HPLC grade acquired from Rankem (Bombay, India), SWNTs func-
tionalized with carboxyl groups (-COOH) were purchased from
Nanoshel LLC. Ethylenediamine (EDA) was procured from Fisher
Scientific, 1-ethyl-3(3 (dimethyl amino) propyl)-Carbodiimide (EDC)
was procured from Sigma Aldrich (Bangalore, India). Phosphate buffer
with pH 7, and other chemicals were reagent grade quality and they
were used as received. Stainless Steel (SS type 304, 0.5 mm thick and
area 1 × 1 cm2) purchased from MTI (Korea). Metal salt of Ni(NO)3
was procured from Fisher Scientific. All processes were performed in
aqueous media and the preparation of the aqueous solutions were
carried out using ultra-pure quality of water.

2.2. Synthesis of PANI/SWNTs nanocomposite

PANI/SWNTs nanocomposite was synthesized by an electro-
chemical method using cyclic voltammetry technique. Briefly, 0.25 M
of aniline monomer and 0.5 M of H2SO4 were added in distilled water
(100 ml). It was 12% wt. of SWNTs in distilled water with respect to the
concentration of aniline monomer. DBSA was added as a surfactant in
the SWNTs + DI (Deionized water) solution to make fine suspension of
the SWNTs with the ratio of 10:1 (DBSA:SWNTs) sonicated for 6 h
Resulting suspension of SWNTs was added slowly to the aniline
+ H2SO4 solution, stirred for 20 min at room temperature using mag-
netic stirrer. The final electrolyte of aniline + H2SO4 + SWNTs was
utilized for the electrochemical synthesis of PANI/SWNTs nano-
composite.

Cyclic Voltammetry technique was used for electrochemical synth-
esis of PANI/SWNTs nanocomposite. SS substrate was used as a
working electrode, Platinum plate as a counter electrode and Ag/AgCl
as a reference electrode for synthesis of composite. The potential was
scanned between 0.1–1.0 V for 20 cycles at the scan rate of 0.1 V/s. The
composite formation on working electrode was observed by dark green
colored coating with respect to the applied potential and cycles. The
deposited dark green colored film was washed thoroughly with DI
water to remove the excess monomer on a substrate surface and further
dried at room temperature.

2.3. Preparation of EDA modified PANI/SWNTs nanocomposite

For the preparation of chelating ligand solution, 0.1 M of EDC
(crosslinking agent) was added to the 0.01 M of EDA in 100 ml of dis-
tilled water and stirred for 20 min at room temperature. The electro-
chemically prepared PANI/SWNTs nanocomposite thin film was dipped
in the EDA solution for 5 h at room temperature. After completion of
dipping period the EDA modified nanocomposite film was rinsed
through distilled water to remove the loosely bound EDA particles on
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the surface and air dried.

2.4. Preparation of Ni(II) ion solutions

For the analysis of metal ions from aqueous media, stock solutions
of metal ion Ni(NO3)2 was prepared. Ni(NO3)2 metal ions were dis-
persed in the acetate buffer solutions of pH 2.1 to prepare an analyte
solution and stirred for 20 min at room temperature to make a fine
suspension of metal ions. The higher to lower concentration of metal
ions were prepared by adding acetate buffer solution of respective pH
for Ni(II) metal ion in the stock solution.

2.5. Characterization methods

The electrochemical behavior of EDA modified nanocomposite be-
fore and after modification was studied by cyclic voltammetry tech-
nique, using a CHI 660C electrochemical workstation. Standard three
electrode system, EDA-PANI/SWNTs deposited SS substrate as a
working electrode, Platinum as a counter electrode and Ag/AgCl as a
reference electrode was used for the evaluation. The potential was cy-
cled between 0.1–1.0 V at the scan rate of 0.1 V/s. The electrochemical
analysis of metal ions by EDA modified nanocomposite was carried out
using differential pulse voltammetry technique (DPV) technique at
room temperature, followed by a positive going DPV scan (with a step
increment of 5 mV, amplitude of 50 mV, and pulse period of 0.2 s) in
the potential range from −0.25 to 0.04 for the analysis of Ni (II) ions.

The chemical composition of the nanocomposite before and after
modification with EDA was evaluated by comparison of the Fourier
transform infrared (FTIR) spectra of the modified and unmodified ma-
terials. FTIR analysis was performed with a Bruker-Alpha FTIR spec-
trometer equipped with an ATR. The FTIR spectra were collected over
the range of 600–4000 cm−1.

The fingerprint characteristics by which molecules can be identified
such as study of vibrational, rotational and other low-frequency modes
in a system were studied by Raman spectroscopy. Raman analysis was
performed with a Seki technotonics of make STR 150 Raman
Spectrometer. The spectra of nanocomposite structure before and after
modification with the EDA were collected over the range of
100–3000 cm−1. X-Ray diffraction was performed with Bruker D8
Advance within the angle of 5°–90°.

Atomic force microscope (AFM) images were used for the mor-
phological analysis of the synthesized nanocomposite. The AFM images
of synthesized nanocomposite before and after EDA modification on SS
substrate were analysed. A Park XE-7 atomic force microscope (AFM)
was used for this investigation.

3. Results and discussion

3.1. Electrochemical synthesis of PANI/SWNTs nanocomposite

The electrochemical deposition of PANI/SWNTs nanocomposite
film was carried out on SS substrate through polymerization of aniline
monomer with 12% wt. of SWNTs. Fig. 1 depicts the cyclic voltam-
mogram recorded during growth of PANI/SWNTs nanocomposite with
continuous potential scanning at 0.1 V/s in the potential range from 0.1
to 1.0 V. During electrochemical synthesis a thin dark green colored
coating was observed on SS substrate, in a typical colour of PANI in the
emeraldine salt form [36]. The positive potential scan articulates the
oxidization of aniline exhibiting an anodic peaks A and B respectively.
The thickness of the layer of nanocomposite was controlled by number
of cycles applied. The peak height of voltammogram increased with
increasing the number of potential cycles revealing that the synthesized
nanocomposite is conducting in nature and regular growth of nano-
composite layer on the substrate.

3.2. Electrochemical analysis of PANI/SWNTs and EDA modified PANI/
SWNTs nanocomposite

The electrochemical characterization of bare PANI/SWNTs nano-
composite and after modification with EDA molecules was confirmed
by using electrochemical cyclic voltammetry technique (Fig. 2). The
first anodic peak reveals the transition of aniline from leucoemeraldine
to the most conducting protonated form of emeraldine of polyaniline.
The second oxidizing peak of voltammogram confirms the oxidized
form of polyaniline, relating to transformation of emeraldine to perni-
graniline. This information reveals that both the voltammogram before
and after modification are conducting in nature. Furthermore, from
both the cyclic voltammograms of PANI/SWNTs and EDA-PANI/SWNTs
it can be observed that unmodified PANI/SWNTs electrode showed
increased current density and large area occupied in the voltammogram
as compared to EDA-PANI/SWNTs electrode. This confirms the sup-
pression of PANI/SWNTs nanocomposite by EDA and its domination in
electrostatic interactions.

3.3. Fourier transformation infrared (FTIR) spectroscopic analysis of
PANI/SWNTs and EDA modified PANI/SWNTs nanocomposite

The FTIR spectra of PANI/SWNTs nanocomposite and EDA modified
nanocomposite are shown in Fig. 3. The complexing mechanism of

Fig. 1. Cyclic voltammogram recorded during the synthesis of PANI/SWNTs nano-
composite.

Fig. 2. Cyclic voltammograms of (a) PANI/SWNTs (Line 1) and (b) EDA-PANI/SWNTs
(Line 2) nanocomposite structure in 0.5 M H2SO4 at 0.1 V/s. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this
article.)
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aniline monomer and SWNTs as well as modification of nanocomposite
by EDA revealed from FTIR analysis. The PANI/SWNTs spectrum shows
the basic bands for appearance of PANI molecules such as band at
1433 cm−1 and 1510 cm−1 for the benzoid and quinod band formation
which are the characteristics bands of the PANI. The band near about
1220 cm−1 reveals emeraldine form and confirms the conducting
nature of PANI. A broad peak at 3404 cm−1 is due to the NeH
stretching vibration of the aromatic amine. The bands at 1219 cm−1

and 795 cm−1 can be assigned for the CeN stretching of the secondary
aromatic amine and CeH aromatic out of-plane bending vibration, re-
spectively. The band at 1048 cm−1 attributed for the presence of CNTs.
All these band are getting supressed in the EDA modified PANI/SWNTs
composite structure. These results confirms that EDA molecules are
getting accumulated on the PANI/SWNTs nanocomposite and dom-
inating the characteristic bands of PANI/SWNTs nanocomposite. In
EDA modified spectra the vibrational modes attributed for the free
amine groups such as NH2 scissoring at 1523 cm−1, CeN stretching at
1098 cm−1, 1033 cm−1 and NH wagging at 942 cm−1. The band at
1686 cm−1 assigned for EDA is the NH2 (Primary amine).

3.4. XRD analysis of PANI/SWNTs and EDA modified PANI/SWNTs
nanocomposite

The structural analysis of PANI/SWNTs nanocomposite before and
after modification with EDA was carried out using X-Ray Diffraction
(XRD) pattern (BRUKER D8 Advance). Fig. 4 shows the diffraction

pattern of the nanocomposite before and after modification. The dif-
fraction pattern for PANI/SWNTs and EDA-PANI/SWNTs nanocompo-
site was recorded broad scattering at 2θ values within 10°–90°. For
PANI/SWNTs nanocomposite characteristic peaks for SWNTs appeared
at 2θ= ∼25° and lower intensity peak at 2θ= ∼43°, as reported
earlier [37]. For PANI typical peaks observed at 2θ= ∼20° corre-
sponding to (020) crystal plane of PANI. The presence of peak at
25°accredited to the periodicity parallel to the polymer chain reveling
the semi crystalline nature of material [38]. Thus, the observed char-
acteristic peaks of PANI and SWNTs, indicating successful synthesis of
PANI/SWNTs nanocomposite. In comparison of PANI/SWNTs nano-
composite and EDA modified nanocomposite, it has been observed that
there is an increase in intensity of peaks after modification. After
modification of PANI/SWNTs nanocomposite with EDA, the char-
acteristic peaks observed in PANI/SWNTs nanocomposite structure
seems to be suppressed due to accumulation of EDA molecules on na-
nocomposite structure. This result shows homogeneous coating of EDA
onto the PANI/SWNTs nanocomposite surface indicating that PANI/
SWNTs nanocomposite has successfully modified with EDA and is in
well agreement with the results obtained from AFM.

3.5. Raman analysis of PANI/SWNTs and EDA modified PANI/SWNTs
nanocomposite

Fig. 5 shows the Raman spectra of PANI/SWNTs and EDA modified
PANI/SWNTs nanocomposite. In PANI/SWNTs nanocomposite, the
presence of a broad G band at 1592 cm−1 and D band at 1351 cm−1

was observed. In the EDA modified nanocomposite, the D and G bands
slightly shifted towards the left side due to the modification of nano-
composite structure. The presence of D induces the presence of amor-
phous disordered carbon structure of CNTs [39] and G band for the
stretching band of CeC bond respectively [40]. The band at 1309 cm−1

in the nanocomposite corresponds to the CeN+ stretching, but in the
EDA modified nanocomposite the same band is shifting to lower wa-
venumber at 1198 cm−1 with less intensity. The shifting could be at-
tributed to electrostatic interaction between the CeN+ species of PANI
and −COO species of SWNTs in nanocomposite [41]. But in EDA
modified nanocomposite the intensity of same band is decreased, this
might be due to dominating effect of EDA molecules over PANI/SWNTs
electrostatic interaction. The enhancement of delocalization degree of
CeN+ segment shows increased intensity due to the presence of SWNTs
[42] however, in modified nanocomposite intensity is decreases due to
accumulation of EDA molecules on the nanocomposite. This clearly
indicates that EDA ions got accumulated on the surface of nano-
composite.

3.6. Morphological analysis of PANI/SWNTs and EDA modified PANI/
SWNTs nanocomposite

The AFM images for the PANI/SWNTs nanocomposite confirm rod
like shape. The rod like structure formation of AFM reveals that SWNTs
got coated by polyaniline. In this nanocomposite formation, CNTs are
revealing as a backbone of the structure and polyaniline as the coating
layer. The rod like shapes are clearly visible and separated from each
other. In the structure of PANI/SWNTs nanocomposite, the presence of
SWNTs is more evident. However in EDA modified PANI/SWNTs
structure, SWNTs are hardly visible due to accumulation of EDA mo-
lecules on nanocomposite structure. In nanocomposite (PANI/SWNTs)
longer and thicker structures appears compared to EDA modified PANI/
SWNTs. From these observations it can be concluded that SWNTs got
coated with PANI molecules and in modified nanocomposite whole
composite structure is covered with EDA molecules. Fig. 6c shows
histogram recorded from AFM scan images of PANI/SWNTs and EDA-
PANI/SWNTs nanocomposite. Roughness of EDA modified PANI/
SWNTs is more compared to unmodified nanocomposite. More rough-
ness would be better to adsorb the analyte on surface area.

Fig. 3. FTIR spectra of PANI/SWNTs (Line 1)and EDA-PANI/SWNTs (Line 2) nano-
composite.

Fig. 4. XRD of (Black line) PANI/SWNTs and (Line 1) EDA modified PANI/SWNTs (Line
2) nanocomposite. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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3.7. Differential pulse voltammetry of EDA modified PANI/SWNTs
nanocomposite

EDA modified PANI/SWNTs nanocomposite electrode was im-
mersed in to the measuring solution containing Ni(II) ions to adsorb the
metal ion on to the surface of EDA-PANI/SWNTs electrode through
complexation between the metal ions and EDA modified PANI/SWNTs
electrode surface. The complexation of Ni(II) ions with EDA modified
PANI/SWNTs was carried out in an acetate buffer solution of pH 2.1
containing different concentrations of Ni(II) ion by immersing the EDA-
PANI/SWNTs electrode for 10 min with continuous stirring. The accu-
mulation of Ni(II) ions on the EDA modified PANI/SWNTs electrode
was carried out chemically without applying a reduction potential to
avoid the contamination of working electrode as well as dislodging of
electrode material. After accumulation of Ni(II) ions the electrode was
taken off and washed with distilled water and transferred to a three
electrode system containing blank solution of acetate buffer of pH 2.1
where EDA modified PANI/SWNTs utilized as working electrode, Pt
plate as counter electrode and Ag/AgCl as reference electrode.
Differential pulse voltammetry (DPV) for the EDA modified PANI/

Fig. 5. Raman spectra of (Black line) PANI/SWNTs and (Red line) EDA modified PANI/
SWNTs nanocomposite. (For interpretation of the references to colour in this figure le-
gend, the reader is referred to the web version of this article.)

Fig. 6. AFM images of (a‘) PANI/SWNTs and (b) EDA modified PANI/SWNTs nanocomposite, (c) Histogram of PANI/SWNTs (Line 1) and EDA-PANI/SWNTs (Line 2). (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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SWNTs after this step recorded from −0.25 to 0.01 V in a separate
blank solution of 0.5 M H2SO4. DPV exhibit anodic peak in between 0.0
to−0.1 V versus Ag/AgCl corresponding to the reduced of Ni(II) ions at
EDA modified PANI/SWNTs surface. Overlapped differential pulse
voltammogram curve shows response towards Ni(II) at EDA modified
PANI/SWNTs layer modified SS-electrode for various concentrations
(Fig. 7). However, no current peak was recorded after incubation of
EDA modified PANI/SWNTs layer in blank solution (it is represented as
reference curve (Dotted line)). The lower detection limit observed for
Ni(II) ion is 1 × 10−3 mM L−1.

Very few reports are available on the DPV based electrochemical
detection of Ni(II) ion. As listed in Table 1, spectroscopic and colori-
metric techniques are widely used analytical techniques for accurate
detection of metal ions. However, spectroscopic techniques are ac-
countable for time consuming sample pre-treatment procedures and
usage of sophisticated instrumentation [43]. In colorimetric techniques
comparable colors from interfering substances can produce errors in
results [44]. However, the reported ethylenediamine modified nano-
composite for detection of Ni(II) ion by electrochemical technique
shows sensitive and selective response towards the Ni(II) ions.

Selectivity of the sensor is one of the most important characteristic
of the any sensor. Ethylenediamine is a bidentate ligand that is able to
form two coordinative bonds with a metal atom through the lone pair of

electrons on both nitrogens [55]. Compared to alkaline earth and alkali
metal cations the transition metal cations mostly shows strong affinity
towards ethylenediamine [56]. In case of selective detection of Ni ions
with ethylenediamine ligand, a single molecule of ethylenediamine is
able to form two bonds to a transition metal ion, such as Ni(II). The
bond formation can take place between the metal ion and the nitrogen
atoms of ethylenediamine. The Ni(II) ion can form six such bonds;
hence, a maximum of three ethylenediamine molecules can be attached
to one Ni(II) ion [57]. However, EDA modified PANI/SWNTs nano-
composite shows selective response towards Ni(II) ion.

Fig. 8 shows DPV of Ni (II) ions in acetic acid buffer solution (pH
2.1) as the supporting electrolyte medium using EDA modified PANI/
SWNTs. The EDA modified PANI/SWNTs electrode was immersed in a
solution containing 2 of Pb(II), Cd(II), Hg(II), Co(II), Cu(II) ions for
10 min. The DPV plot shows the clear anodic peaks only for Ni(II). EDA
showed selectivity towards only Ni(II) ions.

4. Conclusions

Electrochemical synthesis and modification of PANI/SWNTs nano-
composite with EDA chelating ligand was successfully carried out. An
electrochemical, spectroscopic and morphological characterization of
PANI/SWNTs and EDA modified PANI/SWNTs confirms the informa-
tion of chemical bonding and morphological differences between PANI/
SWNTs nanocomposite and EDA modified PANI/SWNTs nanocompo-
site. The EDA modified PANI/SWNTs nanocomposite was used for de-
tection of Ni(II) ion. The EDA modified PANI/SWNTs exhibit excellent
sensing behaviour with lower detection limit of 1 × 10−3 mM L−1.

Fig. 7. Differential pulse voltammograms of SS electrodes modified by EDA modified
PANI/SWNTs layer recorded in acetic acid buffer solution (pH 2.1), containing differ-
ential Ni(II) ion concentrations: 3.4 mM, 0.3 mM, 6 × 10−2 mM, 3 × 10−2 mM,
6 × 10−3 mM, 3 × 10−3 mM, 2 × 10−3 mM, 1 × 10−3 mM L−1, respectively.

Table 1
Overview of some sensing materials used in electrochemical and optical sensors for the determinatio of Ni(II) ions.

Sr. No. Sensing Material Detection limit Sensing technique Ref.

01 A thio carboxylic acid derivative:2-aminocyclopent-1-ene-1-carbodithioic acid
(ligand)

0.5 ppm Colorimetric [45]

02 Modified miswak fibers by NaOH (AT-Miswak-F). 2.1 ng mL−1 Infrared spectroscopy [46]
03 Imine ligands, (E)-N1-(2-hydroxy-5 nitrobenzylidene) isonicotinoylhydrazone and

2-(4-fluoro benzylideneamino) benzenethiol
0.89 ng and 0.82 ng L−1 Spectrophotometric [47]

04 Triangular silver nanoprisms (AgNPRs) stabilized with glutathione (GSH) 50 nM Colorimetric [48]
05 boron-doped diamond electrode 26.1 μM Electrochemical [49]
06 Hydrazone Derivative Immobilized on the Triacetyl Cellulose Membrane 1.00 × 10−10 mol L−1 Spectrophotometric [50]
07 1 Leached Ag Nanoparticles 10 nM Colorimetric [51]
08 2 Quinoline 5.0 × 10−6 M Colorimetric [52]
09 3 Tetra(m-aminophenyl)porphyrin (Tm-APP) 3 ng L−1 Reversed-phase high-performance liquid

chromatography (RP-HPLC)
[53]

10 Nafion-graphene dimethylglyoxime modified glassy carbon electrode 1.5 μg L−1 Adsorptive Stripping Voltammetry [54]

Fig. 8. DPV curve recorded in acetic acid buffer solution (pH 2.1) for selective detection
of Ni(II) ions in the presence of Pb(II), Cd(II), Cu(II), Hg(II) and Co(II) ions.
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