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Abstract
Nitrogen-doped multiwalled carbon nanotubes modified with nickel nanoparticles (Ni/N-MWCNT) were prepared by a thermal
reduction process starting from urea and Ni(II) salt in an inert atmosphere. The nanocomposite was deposited on a screen printed
electrode and characterized by X-ray diffraction, scanning and transmission electron microscopy, nitrogen adsorption, X-ray
photoelectron spectroscopy, and thermogravimetric analyses. The performance of the composite was investigated by cyclic
voltammetry, differential pulse voltammetry and chronoamperometry. The numerous active metal sites with fast electron transfer
properties result in enhanced electrocatalytic activity towards the individual and simultaneous detection of catechol (CC) and
hydroquinone (HQ), best at 0.21 V for CC and 0.11 V for HQ (vs. Ag/AgCl). For both targets the detection limit (S/N of 3) was
9 nM (CC) and 11 nM (HQ), and the Ni/N-MWCNT-electrode showed linear response from 0.1–300 μMCC, and 0.3–300 μM
HQ. The electrode is selective over many potentially interfering ions. It was applied to the analysis of spiked water samples and
gave satisfactory recoveries. It also is sensitive for CC (5.396 μA·μM−1 cm−2) and HQ (5.1577 μA·μM−1 cm−2), highly active,
durable, acceptably repeatable and highly reproducible.
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Introduction

Multiwalled carbon nanotubes (MWCNTs) have been
adopted to different applications because of their cylindrical

form with sp2 carbons, composed of graphene sheets with a
size of micrometer in length and nanometer in diameter [1].
Based on these characters, MWCNTs have been used for wide
range applications in analytical chemistry, especially in
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removal of environmental pollutants [2], supercapacitors
[3], lithium ions batteries [4], hydrogen storage [5], and
sensors [6]. However, the pristine-MWCNT structure suf-
fers from some drawback such as limited electrocatalytic
active sites and insufficient electrocatalytic behaviour dur-
ing electrochemical sensing [7, 8]. Thus far, a great deal
of efforts was made to tune their intrinsic properties by
substituting novel heteroatoms [9, 10], which can enhance
the electrocatalytic activity for generation of more active
sites than the pristine-MWCNTs. To date, nitrogen-doped
MWCNTs (N-MWCNTs) composites should possess high
conductivity and extraordinary electrocatalytic activity.
Therefore, most reports on N-MWCNTs dealt with the
electrical performance of supercapacitors and electrically
conductive electrodes [11]. However, to improve its elec-
trocatalytic active sites and fast electron transfer response,
incorporation of nickel or nickel oxide with N-MWCNT
was verified to offer an excellent synergistic catalytic ef-
fect in electrochemical applications [12, 13]. Ni was con-
ventionally utilized as the active electrode materials in
electrochemical applications because of its outstanding
catalytic ability and electrical conductivity. For instance,
Ni supported MWCNT nanocomposite fabricated by one-
step co-electrodeposition to detect the concentration of
glucose, since it can provide a large surface area to in-
crease the mass and electrons transfer during the reactions
[14]. In particular, N-doped carbon nanotubes containing
nickel nanoparticles (NiNP/NCNT) that exhibit magnetic
properties favorable for product separation are desirable
materials as catalysts and catalytic supports [15], and dye-
sensitized solar cells [16]. In this context, the composites
of Ni NPs encapsulated in N-doped carbon nanotubes (Ni/
N-MWCNTs) have been used as the low-cost catalysts,
which exhibit an excellent performance due to the possi-
ble geometrical, electronic, and synergistic effects in elec-
trochemical sensing applications.

Catechol (1,2-BD; 1,2-benzenediol) and hydroquinone
(HQ; 1,4-benzenediol) are two of dihydroxybenzene iso-
mers, which are important environmental pollutants due to
their high toxicity and low degradability in the ecological
system [17–19]. In addition, the hydroxy aromatic com-
pounds are found readily in the industrial effluents such
as textile, paper and pulp, steel, petrochemical, petroleum
refinery, rubber, dye, plastic, pharmaceutical, cosmetic,
and cigarette smoke, etc. [20]. These phenolic compounds
are intermediates or by-products from industry and agri-
culture, which are highly soluble in water; it can cause
significant injury effect on the lungs, liver, kidney, DNA
damage and central nervous system of living organisms
[21]. Moreover, International Agency for Research on
Cancer has evaluated the dihydroxybenzene isomers to
be highly toxic, causing possibly carcinogenic, particular-
ly to humans [22]. Despite their similar structures and

properties, these two dihydroxybenzene isomers have dif-
ferent redox properties, which usually coexist and inter-
fere with each other during simultaneous analysis. For
instance, Li and his co-workers have demonstrated a
nafion-film containing cerium phosphate nanotubes-
modified glassy carbon electrode (GCE) in application
for the sensing of HQ, CC and resorcinol. In addition,
this method was further applied to the simultaneous de-
termination of HQ, catechol and resorcinol at 20, 134, and
572 mV vs SCE [23]. Likewise, Shen et al. have reported
an e lec t rochemica l sensor based on carboxy l -
functionalized carbon nanotubes in a chitosan matrix and
decorated with gold nanoparticles (c-MWCNT/CTS/Au)
for the simultaneous voltammetric determination of HQ
and CC [23, 24]. Therefore, it is necessary to establish a
fast and reliable analytical method for determination of
dihydroxybenzene isomers in various matrices.

Herein, the Ni/N-MWCNT nanocomposite was pre-
pared by thermal reduction method for simultaneous elec-
trochemical detection of CC and HQ. We synthesized
smaller sized Ni NPs embedded on the surface function-
alized MWCNT. The composite material was character-
ized with different sophisticated analytical tools. The de-
tection potential and peak current of CC and HQ were
verified via CV and DPV. The electrochemical behavior
was investigated, including CC and HQ concentration de-
pendence, different scan rate, interference of electroactive
substances and real sample analysis. Accordingly, the Ni/
N-MWCNT was demonstrated to be a novel nanocompos-
ite for electrochemical sensor for simultaneous electro-
chemical detection of CC and HQ with good stability,
high sensitivity, and relatively wide response range.

Experimental

Chemicals and reagents

Nickel(II) chloride hexahydrate, (NiCl2.6H2O 98%),
urea (≥ 98%), functionalized multiwalled carbon nano-
tubes (MWCNTs; diameter, 40–60 nm; length, < 2 μm),
catechol (CC, ≥ 99%) and hydroquinone (HQ, ≥99%)
were bought from Tianjin Kemiou Reagent Co., Ltd.
(Tianjin, China, http://www.chemreagent.com/index.
html). Screen printed carbon electrode (SPCE) was ob-
tained from Zensor R&D Co., LTD, Taiwan. The 0.1 M phos-
phate buffer (PB) solutions (pH 7) were prepared by using
Na2HPO4 (7.098 g) and NaH2PO4 (7.8 g) in 1000 mL of
water, while adjusting their pH values using 0.5 M
H2SO4 and 0.1 M NaOH solutions. All the samples were
used as received without any further purification and the
solutions were prepared by Milli-Q water. Detection of
both HQ and CC was conducted in different water
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samples which were spiked with known concentrations of
HQ and CC, and then the amperometric current response
was examined using standard addition method. The water
samples were analyzed after filtering with filter paper
(Whatman, No. 1), followed by centrifugation, and then
adjusting the pH using a PB (pH 7.0).

Preparation of Ni/N-MWCNT nanocomposite

Typically, NiCl2.6H2O (2.0, 3.0, 4.0, 5.0 and 6.0 mmol) and
urea (30 mmol, 1.8 g) were homogeneously dissolved in eth-
anol (98%) solution (100 mL) by electromagnetic stirring
(800 rpm); urea was adopted as nitrogen and secondary car-
bon source in this fabrication of composite. Then, 500 mg of f-
MWCNTs were mixed with the above transparent liquid un-
der constant stirring. The mixture was dried at 80 °C until the
solvent was completely evaporated. Then, the solid precursor
was put into alumina boat crucible and then loaded into an
electric tube furnace, which outfitted with a continuous nitro-
gen flow, with a temperature ramp rate of 5 °C min−1 until
reaching the targeted temperature (800 °C), thenmaintained at
the final temperature for 2 h. The resultant nanocomposite is
denoted as Ni/N-MWCNTs. The overall preparation process
and electrochemical sensing of dihydroxybenzene isomers is
illustrated in Scheme 1.

Choice of materials

Still now, different carbon nanomaterials (carbon nanotubes,
carbon nanofibers, graphene, graphene oxide and carbon dots)
have been utilized for electroanalytical applications owing to
their high electrical conductivity and large surface area.
However, they have shown insufficient active sites and result
into the limited electrocatalytic active sites towards catalysis
applications. Henceforth, heteroatoms (nitrogen, sulphur,
phosphorus and boron) doped carbon nanomaterials have
been widely used as an alternative to address those aforemen-
tioned problems. In the present work, we have synthesised N-
MWCNTs and has been used for decoration of Ni on its sur-
face. It is well-known that the transition metals, specifically
Ni, Cu, Co and Fe-doped carbon materials have good catalytic
activity towards various electrocatalysis/sensing applications.

However, Ni has lot of advantages over other transition metals
such as high stability in neutral pH, lower capacitance current
and high chemical resistance, since other transition metals (Cu
and Co) are less stable in physiological pH and they most
exhibited a high catalytic activity in pH over 11. Especially,
Ni-doped N-MWCNTs may further increase the electrochem-
ically active surface area (or site) of the electrocatalyst.

Results and discussion

Powder X-ray diffraction

The powder X-ray diffraction (PXRD) patterns of N-
MWCNTs, and of Ni/N-MWCNT nanocomposites are shown
in Fig. S1a in the Electronic Supplementary Material. The
characteristic peaks at 2θ angle of ∼26.2° and ∼43.1° for f-
MWCNTcorrespond to the normal structure of graphite (002)
and [(100), (101)] diffraction plane (Joint Committee for
Powder Diffraction Studies (JCPDS) No. 01–0646), respec-
tively. The former peak is related to the periodicity between
the graphene layers while the latter peak is in association
within the graphene layer [15]. Similar findings were reported
by Naeimi et al. [25]. The nickel diffraction peaks at 2θ =
44.6, 51.8 and 76.5° can be indexed to the (111), (200) and
(220) crystal planes of face-center cubic (fcc) structure of Ni,
which evidenced the presence of Ni on the surface of N-
MWCNTs. This suggests that the Ni2+ ions should be
completely reduced into Ni NP during the thermal reduction
and dispersed uniformly on the surface of the N-MWCNT
matrix.

N2 sorption

The nitrogen (N2) sorption curves of the f-MWCNTand Ni/N-
MWCNTsamples are collected at 77 K (Fig. S1b). According
to IUPAC classification, all samples exhibit type VI isotherm
with typical small micro/macroporous nature. The sharp rise
in the isotherm as the relative pressure approaches unity is due
to the existence of macropores. The isotherm plots for N-
MWCNT su r f a ce a r e a we re ana ly z ed to y i e l d
ca.115.1 m2 g−1 and pore volume 0.0628 cm3 g−1. In

Scheme 1 Schematic illustration of the fabrication of Ni/N-MWCNT nanocomposite and their applications
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comparison, the Ni/N-MWCNT nanocomposites show slight-
ly lower surface area (58.6 m2 g−1) and pore volume
(0.0325 cm3 g−1), as anticipated to be caused by the immobi-
lization of Ni NP on the surface of N-MWCNTs (Fig. S1b).
The detailed textual parameter is shown in Table S1 in the
Electronic Supplementary Material.

Thermogravimetric analysis and EDX

Figure S1c in the Electronic Supplementary Material shows
the thermogravimetric analysis (TGA) curves of the decom-
position of N-MWCNTs and Ni/N-MWCNTs in air atmo-
sphere. The N-MWCNT and Ni/N-MWCNT nanocomposite
show a small decomposition peak at below 200 °C due to the
physisorbed water molecules. The N-MWCNT begins to de-
compose at ≈ 520 °C, while the Ni/N-MWCNT nanocompos-
ite shows two weight loss at 205 and 415 °C, which indicate
the decomposition of functional moieties in N-MWCNTs
(Fig. S1c). In addition, the chemical composition of the Ni/
N-MWCNT nanocomposite was verified through the mea-
surement of energy-dispersive X-ray (EDX) analysis.
Accordingly, the elements present in the Ni/N-MWCNTcom-
posite contain C (73.6%), O (20.1%), N (0.8%), and Ni (5.4%)
which evidences the presence of Ni with energy bands cen-
tered at 7.5 and 8.3 keV (K lines) and 0.8 keV (L lines). Note
that the Cu signals arise from diffuse scattering of the Cu grid
support (Fig. S1d). Therefore, it is concluded that nearly all N-
MWNT are decorated with NiNP [12, 26]. This fact was fur-
ther supported with FE-TEM micrographs (vide-infra).

Structural analysis

The structural changes of Ni/N-MWCNT were also investi-
gated by scanning electron microscopy (SEM) after the ther-
mal reduction. The SEM images of N-MWCNTs, and of
the Ni/N-MWCNT nanocomposite are shown in Fig. S2, in
the Electronic Supplementary Material. Based on the SEM
results, the average length of N-MWCNT is 8–15 μm and
the diameter is 22–35 nm. In addition, the transmission elec-
tron microscopy (TEM) image of N-MWCNT (Fig. S3, in the
Electronic Supplementary Material) depicts bundles-like
structure with smooth surface. Apparently, their sidewalls
are perfectly distinguishable with diameters ranging from 18
to 45 nm, while the f-MWCNT appear highly tangled to pre-
vent clear visualization as shown in Fig. 1c. The block spots
are indicative of the formation of Ni NPs which are densely
distributed on N-MWCNT surfaces with the size of NiNP
approximately 5 ± 0.4 nm (Fig. 1a,b). However, the lattice line
spacing of the single Ni NP is 0.171 nm (Fig. 1c).
Furthermore, the corresponding elemental mapping of C, O,
N and Ni is shown in Fig. S4, in the Electronic Supplementary
Material, which is also consistent with the FE-TEM
observation.

X-ray photoelectron spectroscopy

The surface properties of the Ni/N-MWCNT nanocomposite
were further investigated by X-ray photoelectron spectrosco-
py (XPS) Fig. S5a in the Electronic Supplementary Material,
which shows that the predominant species of C, O, N, and Ni
elements, were visible on their surface contents. Figure S5b
depicts the expanded XPS spectrum covering the C 1 s spin-
orbits of C-C (285.5 eV), C-OH (285.9 eV) and C=O
(288.2 eV), respectively [26]. On the other hand, the XPS
spectrum in the O 1 s region gives rise to a broad single peak,
comprising three deconvoluted peaks around 534.4, 535.3,
and 536.3 eV, which may be ascribed to the C-OH, C-O-C,
and C=O functional groups, respectively (Fig. S5c). Likewise,
the core level spectrum of N 1 s also shows three overlapping
absorption peaks at 400.1, 401.3, and 402.4 eV (Fig. S5d),
corresponding to the presence of pyridinic, pyrrolic, and qua-
ternary N (or graphitic N) species. Moreover, the binding en-
ergy of the peaks at 856.8 and 862.5 eV corresponds to Ni 2p3/
2 and Ni 2p1/2 spin orbitals, respectively (Fig. S5e), indicating
the presence of Ni NP in the Ni/N-MWCNT nanocomposite.
In contrast, the other two signals located at 862.3 eV and
880.2 eV are assigned to the satellite peaks of Ni 2p3/2 and
Ni 2p1/2, respectively, further revealing the presence of trace
amount of Ni(II) species on the surface of Ni/N-MWCNT
composite, according to previous reports [12, 15].

Electrochemical studies

The electrocatalytic activity of Ni/N-MWCNT nanocompos-
ite was investigated by performing cyclic voltammetry (CV)
towards the simultaneous detection of CC and HQ. Figure 2a
shows the CV response for bare SPCE, MWCNT, N-
MWCNT and Ni/N-MWCNT or modified SPCE in N2 satu-
rated 0.1 M PB (pH 7.0) containing 100 μM CC and HQ at
50 mV s−1 (−0.1 to 0.5 V (vs. Ag/AgCl)). Notice that the
MWCNTs exhibit a weak redox peak due to the limitation
of both electrons transfer and mass transport. In contrast, N-
MWCNTshowed a well characteristic redox peak, evidencing
that the doping N-atom may provide some active sites by
generating a number of structure defects on the surface of
the MWCNT. Further, the redox peak currents are intensively
increased at modified SPCE, because of the presence of a
large number of metal active sites (Ni0) to enhance their cat-
alytic behaviour and conjugation of graphene π-system and
one-pair electrons of nitrogen to improve the electron transfer
process. As a result, the synergetic effects of Ni and N-
MWCNT boosted the electrocatalytic activities and fast elec-
tron transfer process towards CC and HQ electrochemical
reaction. In addition, the electrochemical behavior of modified
SPCE was examined by CV in the absence of CC and HQ
(Fig. 2b). There was no redox peak acquired in the same
potential range, concluding that the planned Ni/N-MWCNT
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nanocomposite offers a suitable electrode material for detec-
tion of CC andHQ. In addition, we investigated the effected of
Ni loading concentration on the N-MWCNT towards CC and
HQwere studied (see Fig. S6 in the Electronic Supplementary
Material). Thus, of Ni loading concentration (4 mM) is more
efficient and effective sensing of CC and HQ under optimized
conditions.

Investigation on the electrochemical parameters

The electrochemical parameters of modified SPCE (Fig. 2c) in
N2 saturated 0.1 M PB (pH 7.0) containing 100 μM CC and

HQ were examined by CV at different scan rates (10–
200 mV s−1). Notice that the CC and HQ peak current were
dramatically increased with increasing the scan rates from 10
to 200 mV s−1. The anodic peak currents (Ipa) of CC and HQ
offered a good linear relationship over the scan rates (Fig. 2d).

The linear regression equations were expressed as Ipa
(μA) = 1.0538× + 17.77806 and Ipa (μA) = 0.9514× + 22.006
with a correlation co-efficient R2 of 0.9964 and 0.9986 for CC
and HQ, respectively. This result suggests that the electro-
oxidation of CC and HQ followed surface-controlled process
over the modified SPCE [27]. Furthermore, the peak poten-
tials (Epa and Epc) of CC and HQwere also shifted towards the

Fig. 2 aCVcurves of bare SPCE,MWCNTs, N-MWCNTs, and of Ni/N-
MWCNT-modified SPCE in N2 saturated 0.1 M PB (pH 7.0) containing
100 μMCC and HQ at 50 mV s−1 (−0.1 to 0.5 V (vs. Ag/AgCl)), bNi/N-
MWCNT-modified SPCE in the absence and presence of 100μMCC and
HQ, at 0.21 V for CC and 0.11 V for HQ (vs. Ag/AgCl), c Ni/N-
MWCNT-modified SPCE in the presence of 100 μM CC and HQ at

different scan rates (10–200 mV s−1), d plot of peak current (Ipa) vs the
scan rate, and (e, f) the relationship between different pH and their
oxidation peak potential response of 100 μM in CC and HQ,
respectively. All measurements were conducted in N2 saturated
0.1 M PB containing 100 μM CC and HQ at 50 mV s−1

Fig. 1 TEM images of the (a-c) Ni/N-MWCNT nanocomposite with different magnification
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positive and negative directions over the pH values.
Additionally, the logarithm ofEpa and Epc presented a linearity
over the pH values. Thus, the electrochemical parameters such
as electron transfer co-efficient (ks) and charge transfer co-
efficient (α) of CC and HQ may be calculated by using the
fo l lowing Lavi ron ’s Equat ion in the Elec t ronic
Supplementary Material. Accordingly, α and ks for CC and
HQ are calculated to be 0.508 (CC), 0.509 (HQ) and 5.848
(CC), 5.071 s−1 (HQ), respectively. The obtained values of ks
and α were consistent with the previous reports [28, 29].

We examine the electrocatalytic behaviour of modified
SPCE in different pH range from 3 to 11. It can be seen that
the achieved peak current (Ipa) and peak potential (Epa) versus
pH of two hydroxy benzene isomers were presented in Fig. 2e,
f. When pH increased from 3 to 7, the Ipa of CC and HQ
increased significantly to reach the maximum at pH 7. Then,
a noticeable decrease in the Ipa of CC and HQ was found with
increasing the pH values from 7 to11. Hence, the optimal pH
of this work is fixed at pH 7.

The higher concentration of hydroxyl ions at high pH
might cause decrease of the adsorption capability of CC and
HQ over the modified SPCE surface, resulting in the decrease
in the peak current [30, 31]. Additionally, the linear plots of
peak potential (Epa) of CC and HQ versus pH were expressed
as Ipa (μA) = 0.0535 [CC] + 0.5105 and Ipa (μA) = 0.051
[HQ] + 0.571 with a correlation co-efficient R2 of 0.9972
and 0.9968 for CC and HQ, respectively. The slopes of CC
and HQ are close to the theoretical prediction, according to
previous report [32]. Thus, equal number of proton and elec-
tron are involved during the electrochemical reaction. Given
the above results, the probable reaction mechanism of CC and
HQ at modified SPCE is offered to be a two protons (2H+) and
two electrons (2e−) process, as illustrated Fig. S7 in the
Electronic Supplementary Material).

Electrochemical determination of CC and HQ

To evaluate the analytical performance of the Ni/N-MWCNT
nanocomposite, DPV was performed towards the individual
and simultaneous detection of CC and HQ. Figure 3a displays
the DPV response of CC and HQ at modified SPCE in the
presence of 0.5 μM HQ with varied concentrations of CC
ranges from 0.1–142.6 μM in N2 saturated 0.1 M PB
(pH 7.0) at 50 mV s−1. The two significant peaks were obtain-
ed for CC and HQ, while the relative peak current (Ipa) of CC
was increased in linear proportion to the CC concentration
(Fig. 3a1), as expressed by Ipa (μA) = 1.107 [CC] + 10.177
with a correlation co-efficient (R2) of 0.999. The linear range
of CCwas estimated to be 0.1–142.6 μM. This result suggests
that the modified SPCE is suitable for the simultaneous detec-
tion of CC and HQ.

Similarly, the DPV was performed with modified SPCE in
the presence of 0.5 μM CC with varied concentration of HQ

from 0.3–123.6 μM in N2 saturated 0.1 M PB (pH 7.0) at
50 mV s−1 is shown in Fig. 3b. The peak potential and peak
current of HQ increased with increasing its concentration,
independent of the interference by the fixed concentration of
CC. The peak current of HQ displayed a good linear relation-
ship over the concentration of HQ in the range of 0.3–
123.6 μM with a R2 of 0.9985 (Fig. 3b1), as expressed by
Ipa (μA) = 1.1058 [HQ] + 5.3806. Likewise, Fig. 3c shows
the DPV response of modified SPCE in N2 saturated
0.1 M PB (pH 7.0) at 50 mV s−1 containing the concentrations
of CC and HQ in the range of 0.1–301.4 μM and 0.3–
301.4 μM, respectively. The corresponding peak currents of
CC and HQ showed good linearity with the concentrations of
CC and HQ (Fig. 3c1). The linear regression equations were
expressed as Ipa (μA) = 0.9713 [CC] + 16.946 (R2 = 0.973)
and Ipa (μA) = 0.9284 [HQ] + 15.381 (R2 = 0.9989) for CC
and HQ, respectively. The linear range for CC and HQ was
0.1–301.4 μM and 0.3–301.4 μM with a detection limit of
both 9 nM and 11 nM the electrochemical sensitivity was
5.396 μA μM−1 cm−2 and 5.1577 μA μM−1 cm−2 for HQ
and CC, respectively. The results reveal that the modified
electrode can be exploited for simultaneous detection of CC
and HQ. Additionally, the analytical parameters such as linear
range and LOD were comparable to the previously reported
CC and HQ sensors is shown in Table S2 in the Electronic
Supplementary Material.

Stability, reproducibility and selectivity

The modified SPCE was examined by CV to evaluate its
electrode stability, reproducibility and selectivity in detection
of CC and HQ. For inspecting the storage stability, the elec-
trode was stored in 4 °C when not used. The modified SPCE
was tested by CV towards the simultaneous detection of CC
and HQ in 0.1 M PB every five days up to a period of 25 days
as shown Fig. S8 in the Electronic Supplementary Material.
The anodic peak response current, revealing a satisfactory
stability for the detection of CC and HQ, indicates that our
device can offers superior reproducibility as a CC and HQ
sensor. The Ni/N-MWCNT-modified electrode retains
91.7% reproducibility of its initial response current of CC
and HQ. Additionally, the modified SPCE achieved a relative
standard deviation (RSD) of 4.3% among five independent
preparation of electrodes and a RSD value of 3.8% for CC
and HQ evaluated from five independent preparation of
0.1 M PB.

The selectivity of the sensor is a crucial factor for practical
application. Hence, we have performed the selectivity of the
sensor in the presence of some possible interfering metal ions
and phenolic compounds. Figure S9 in the Electronic
Supplementary Material shows the interference effect of CC
and HQ in the presence of possible metal ions, Na+, K+, Cu2+,
Fe3+, Zn2+, SO4

2−, NO3− and Cl−), humic acid (HA), fulvic
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acid (FA), tannic acid (TA), and phenolic compounds such as
4-nitrophenol (4-NP) and phenol (Ph). The results show that
the peak currents of CC and HQ were not interfered with by
the presence of 100-fold excess addition of the given metal
ions and 50-fold higher concentration of other phenolic com-
pounds, suggesting that the good selectivity and excellent de-
tection limit for CC and HQ in real samples.

Water sample analysis

The dihydroxybenzene isomers easily contaminate water and
affect human health and environment. Thus, we have chosen
different water samples such as river water, pond water and
tab water for real sample applications. The DPV was per-
formed for the determination of CC and HQ in water samples

using a standard addition method. The obtained recovery
values are shown in Table 1. The modified electrode gives
acceptable recoveries, while analyzing water samples with
relative standard deviations between 3.1 to 3.8% (CC) and
3.1 to 4.1% (HQ).

Conclusion

In this work, the electrocatalytic activity of Ni/N-MWCNT
nanocomposite was investigated towards the simultaneous de-
tection of CC, and HQ by CV and DPV. On compared with
other electrodes, the modified SPCE exhibited better electro-
catalytic activities in the detection of CC and HQ owing to
their synergetic effects of Ni and N-MWCNT. As a results, the

Fig. 3 DPV curves for the Ni/N-
MWCNT-modified SPCE in the
co-presence of (a) varied [CC] in
the range of 0.1–143 μM μM and
a fixed [HQ] of 0.1 μM, (b) var-
ied [HQ] in the range of 0.1–
123.6 μM and fixed [CC] of
0.5 μM, (c) varied [CC] and [HQ]
in the range of 0.1–301 μM and
0.3–301 μM, respectively, and
their corresponding calibration
plots for peak current vs. analyte
concentration are depicted in N2

saturated 0.1M PB (pH 7.0) at 0.1
to 0.5 V (vs. Ag/AgCl) (a1), (b1),
and (c1), respectively
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detection limit (9 nM and 11 nM) linear range (0.1–301.4 and
0.3–301.4 μM) for CC and HQwere estimated. This electrode
was also proficient to detect CC and HQ in the presence of
other electroactive interfering species. Additionally, the sug-
gested method was applied to determine CC and HQ in water
samples with satisfactory results, and also this fabricated elec-
trode showed excellent reproducibility and long-term elec-
trode stability. These advantages made this novel electrode
promising for the development of active dihydroxybenzene
sensor. However, the sensor has some limitation such as se-
lectivity in the presence of high concentration of phenolic
isomers and oxygen free working environment.
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