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The electrochemical behaviour and detection of o-nitrophenol (o-NP) and p-nitrophenol (p-NP) has
been studied on a gold nanoparticle - nickel dimethylglyoxime complex (NiDMG) modified glassy
carbon electrode (GCE). The electrode was prepared by drop coating nickel dimethylglyoxime
complex on a GCE followed by the electrodeposition of gold nanoparticle. Each step in the electrode
modification was characterised by cyclic voltammetry (CV), electrochemical impedance spectroscopy
(EIS), scanning electron microscopy (SEM) and high resolution scanning electron microscopy
(HRSEM). The results showed that nickel dimethylglyoxime complex /gold nanoparticles electrode
had improved conductivity, reversibility, and electron transfer rate in selected redox probe than the
unmodified GCE. The GCE/NiDMG-AuNP electrode was used in the determination of o-NP and p-NP
in water. Under the optimal conditions, detection limits of 0.58 μM and 0.103 μM were calculated for
o-NP and p-NP respectively. The GCE/NiDMG-AuNP electrode was applied to real sample and the
effect of interferences were studied.
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1. INTRODUCTION
Nitrophenol (NP) is one the eleven common phenolic compounds that are on the United States
environmental protection agency priority pollutants list [1]. A legal tolerance level of 0.1 μg L-1 has
been set for these compounds [2]. These phenolic compounds are widely distributed in the
environment due to their extensive use as intermediates in the manufacturing of pharmaceuticals,
insecticides, pesticides dyes, plastics, pigments and explosives [3, 4]. A large number of chloro- and
nitrophenols compounds are toxic and carcinogenic [4-6]. Furthermore, chronic toxicological effects
such as vomiting, difficulty in swallowing, anorexia, liver and kidney damage, headache, fainting and
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mental disturbances have been reported in humans as a result of exposures to phenols [4, 6]. Thus the
analysis of phenols in environmental samples is important and in this light, numerous methods for the
analysis of NPs in environmental samples have been reported.
These methods are mainly spectrophotometric [7] and to a large extent, chromatographic
separation. NP isomers are usually determined by gas chromatography combined with other techniques
such as mass spectrometry, flame ionization, electron capture, or nitrogen-sensitive detection [8-10].
High performance liquid chromatography [11], capillary zone electrophoresis [12] and UV-vis
fluorescence spectroscopies [13] have also been used in the analysis of NPs. These methods have high
sensitivity and excellent selectivity but suffer from some drawbacks such as cost, analysis complexity
and limitation to laboratory. Electrochemical methods have been used for the quantification of phenols.
Moreover, electrochemical approach to phenol detection is motivated by some advantages over the
classical methods earlier mentioned. For example, electrochemical techniques are cheaper, simpler to
use and portable [2].
Electroanalysis in general is dependent on the chemical performance of the electrode towards
the analyte in question. Thus the modification of electrode or chemically modified electrodes (CME)
are employed to improve signal. CME can enhance the determination, sensitivity, improve the antiinterference, or decrease the limit of detection. Various materials such as nanoparticles [14-21],
dendrimer [22-24] and polymers [25-27] have been used in electrode modification. Some of these
materials have been used in the detection of phenols. A 𝛽-cyclodextrin functionalised graphene nano
sheets has been used to modify glassy carbon electrode (CD-GNs/GCE) for phenol detection [28]. The
result obtained indicated that CD-GNs showed good electrochemical behaviour for the redox of o-NP
which is attributed to the combination of the excellent properties of graphene and cyclodextrin. Also,
the electrochemical determination of o-NP by square wave voltammetry (SWV) using a
nanocomposite poly(propyleneimine) dendrimer and gold nanoparticles modified glassy carbon
electrode and exfoliated graphite electrode (PPI-AuNP/GCE and PPI-AuNP/EG) have been reported
[23, 29]. The nanocomposite platform enhanced the electrochemical reduction of o-NP, hence its
detection with good reproducibility. Graphene-chitosan GR-CS nanocomposite ﬁlm modiﬁed electrode
was prepared to study the electrochemical behaviour of NPs. The GR-CS/GCE exhibited enhanced
electrocatalytic activity toward the two NP isomers, attributed to high electrical conductivity and
electrocatalytic activity of graphene [30].
Nickel and nickel compounds have attracted interest in the electrocatalysis of small organic
molecules [31]. The catalytic activity of the nickel-dimethylglyoxime complex towards the
electrooxidation of methanol/ethanol has been reported using NiDMG modiﬁed GCE by successive
drop deposition of Ni salt and DMG solutions, followed by the cycling of the working electrode
potential in alkaline solution. The result showed that the
NiDMG-based catalyst in a basic aqueous medium could catalyze methanol and ethanol
oxidation through an overall four-electron process to produce formate anion (methanol oxidation) and
acetate anion (ethanol oxidation) [31]. Another metallic nanoparticle commonly used in CME is gold
nanoparticle [26]. AuNPs have distinctive optical and electronic/electrochemical properties, and can be
easily functionalised with other chemical moieties with affinity for gold (e.g. thiols) [32, 33]. AuNPs
have also been used in electrochemical sensors for phenol detection [34].
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The work reports the use a nanocomposite of gold nanoparticle and nickel dimethylglyoxime
NiDMG complex as electrode modifier for the determination of ortho- and para-NP concentration in
water.
2. EXPERIMENTAL
2.1 Materials and reagents
Dimethylglyoxime (DMG) (CH3C(=NOH)C(=NOH)CH3, Nickel (II) acetate, ethanol,
ammonia solution 25%, o-nitrophenol, p-nitrophenol were obtained from (Sigma Aldrich, St Louis,
MO, USA), while KH2PO4, K2HPO4,H2SO4 , K3Fe(CN)6, K4Fe(CN)6,HCl, Dimethyl sulfoxide
(DMSO), N,N-dimethylformamide (DMF) and sodium hydroxide NaOH were purchased from (Merck
Chemicals Darmstadt, Germany). A 10 mM stock solution of NPs was prepared in ethanol and made to
mark with 0.1 M phosphate buffer saline solution (PBS) pH 7 which was later stored at 4 °C until use.
Phosphate buffer saline solution was used as the supporting electrolyte for all electrochemical
experiments. All electrochemical measurements were done on a Dropsens μStat 8000 (Asturias, Spain)
and Compactstat electrochemical workstation (Ivium, Netherlands) with the working electrode,
counter electrode and reference electrode using a three-electrode configuration.
Working electrode (WE), counter electrode and reference electrode were 3 mm glassy carbon
electrode (GCE ), platinum wire and Ag/AgCl (3 MCl-) electrode respectively. The WE was pretreated by mechanical polishing according to the following procedure; it was subjected to sequential
polishing on a polishing cloth covered with alumina powder of various particle size 1, 0.3 and 0.05 µm
respectively. To remove any adherent Al2O3 particles the electrode surface was rinsed thoroughly with
double distilled deionised water and cleaned in an ultrasonic bath containing deionised water for 10
min and ethanol for another 10 min.
All solutions were de-aerated by purging with argon gas for 5 min and maintaining an argon
inert atmosphere throughout the experiments.
All aqueous solutions were prepared with Ultra-pure water of resistivity 18.2 MX cm, which
was obtained from a Milli-Q Water System (Millipore Corp., Bedford, MA, USA).
2.2 Synthesis of Nickel dimethylglyoxime complex
NiDMG was prepared according to Cardoso et al with a little modification [31]. Briefly, 50 mL
of 0.02 mol L-1 DMG in an alcoholic solution were mixed with 50 mL of Ni (II) acetate aqueous
solution, immediately followed by the addition of 5 mL of 1.0 mol L-1 NaOH aqueous solution. The
addition of OH- anions was to facilitate the formation of NiDMG, a rose-red precipitate. The NiDMG
complex was filtered, washed thoroughly with deionised water and then dried at room temperature.
The product obtained was characterised with Fourier transform infrared spectroscopy (FTIR) using
Perkin Elmer Spectrum100 FTIR spectrometer UK with pure KBR as background. Scanning Electron
Microscopy (SEM) images were collected with a SEM-LEICA S 440 instrument and high resolution
scanning electron microscopy HRSEM FEI NOVA Nano SEM 2000 couple with EDX, which allows
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to determine chemical composition by Energy Dispersive Spectroscopy (EDS). All the samples were
previously coated with carbon coating prior to analysis.
2.3 Preparation of the modified electrode
2.3.1 NiDMG modification
Prior to each experiment, the GCE surface was polished with polishing cloth covered with
alumina powder with various sizes 1, 0.3 and 0.05 µm particle size and sonicated with double
deionised water and ethanol until a mirror-like surface was obtained. This was immediately followed
with an aliquot of 5µL NiDMG in DMF/DMSO solution which was added to the pre-treated electrode
surface and allowed to dry in air at room temperature. The electrode was then activated in a 0.1 M
NaOH solution by successive sweeping between 0 and 0.8 V (versus Ag/AgCl), at a scan rate of 0.1 V
s-1 for 80 cycles before use. The electrode was labelled GCE/NiDMG.
2.3.2 AuNP modification
A glassy carbon electrode (GCE) and the GCE/NiDMG was modified with gold nanoparticles
according to the procedure reported by Arotiba et al [35]. Briefly, 10 mM HAuCl4 at pH 7 PBS was
prepared and cyclic voltammetry (CV) was performed between potentials -0.4 V to 1.1 V for 10 cycles
to deposit gold nanoparticles onto the GCE/NiDMG. The modified electrode was rinsed with distilled
water and then PBS. It will be referred to as GCE/NiDMG-AuNP and GCE/AuNP (when the AuNP
was electrodeposited directly). The GCE/NiDMG-AuNP was electrochemically characterised using
CV, SWV and EIS in PBS and [Fe(CN) 6]3-/4- electrolytes.
2.3.3 Electron Microscopy
In order to study the morphology of the modifiers on carbon electrode, screen printed carbon
electrode was used in place of GCE for ease of mounting onto the sample stub in the microscope.
Some samples were sputtered with carbon where necessary to improve image. The samples were then
transferred to the SEM/HRSEM specimen chamber and observed at an accelerating voltage of 20 kV,
spot size of 8, aperture of 4, and working distance of 15 mm.
3. RESULTS AND DISCUSSION
3.1 Characterisation of the DMG
Figure 1a shows the FTIR spectra of DMG molecule and NiDMG complex. The broad marked
reduction of the broad band 3172 cm-1 suggests that the N-O-H bond stretching mode has become very
weak after coordination with Ni(II) i.e the formation of the Ni-N bond in the complex. A new weak
band at 1778 cm-1 indicates a strong intramolecular hydrogen bonding in the NiDMG complex. In the
spectrum of NiDMG, the band shifted to a high frequency of 1558cm-1 due to higher C=N bond length
[31]. The absorption band at 1442 cm-1 can be assigned to the C=N stretching mode. Furthermore, the
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adsorption band at 1399 cm-1 and 1234 cm-1 are attributed to the N–OH bending vibrational and N-O
stretching 1100 cm-1 due to the N–O asymmetrical stretching vibration and symmetrical stretching
vibration, respectively [36].

3.2 Electrochemical characterisation of the NiDMG modified GCE
The cyclic voltammetric interrogation of the NiDMG modified GCE in 1 M NaOH resulted in
the formation and progressive increase of the anodic and cathodic peaks between 0.43 and 0.52 V (Fig.
1b) These peaks are due to Ni3+/Ni2+ redox process [37, 38]. The shape of the final cyclic
voltammogram is very similar to those obtained with electrode formed from nickel macrocyclic-based
films in alkaline aqueous solution, which are also similar to those of Ni(OH)2 on electrodes [37, 38].
The formation of the peaks can be explained by the formation of the O–Ni–O oxo bridges in alkaline
aqueous solution and are indication of the transformation into the ‘O–Ni–O oxo’ bridged forms [37]

a)

b)

Figure 1. (a) FTIR spectra of dimethylglyoxime and nickel dimethylglyoxime NiDMG complex. (b)
CVs of NiDMG modified GCE in 0.1 M NaOH solution. Scan rate: 0.1 V s-1 (80 cycles).

3.3 Scanning Electron Microscopy SEM Characterisation
Figure 2 displays the morphology of the modified electrodes. A dense tubular network of the
nickel dimethylglyoxime complex can be observed after drop coating on the carbon electrode (Fig. 2a),
while the presence of nanoparticles of gold can be seen after electrodepostion on bare carbon electrode
(Fig 2 b a&c). The micrograph on Fig 2c was taken from a high resolution SEM so as to show that the
nanoparticles were indeed in the nano size regime. AuNP was electrodeposited on carbon electrode
that has been pre-modified with nickel dimethylglyoxime complex i.e. SPCE/NiDMG. The presence of
the tubular networks of NiDMG and gold nanoparticles are observed signifying a successful
electrodeposition on the SPCE/NiDMG electrode to form SPCE/NiDMG – AuNP. The presence of
these two modifiers was confirmed by EDS (Fig. 2e) where peaks due to Ni and Au are seen.
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a)

b)

c)

d)

e)
Figure 2. SEM images of (a) SPCE/NiDMG, (b) SPCE/AuNP (c) SPCE/AuNP (HR SEM) (d) SPCE/
NiDMG – AuNP (e) EDS of SPCE/ NiDMG – AuNP

3.4 Electrochemical characterisation of the modified electrode
The electrochemical behaviours of the modified electrodes were investigated to determine their
suitability for electroanalysis using [Fe(CN)6]3−/4− as redox probe. As expected, GCE/NiDMG gave the
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lowest peak currents and also the most sluggish kinetics (from the large ΔE) as shown in Fig. 3a. This
can be attributed to the organic nature of the DMG ligand which deterred electron transfer at the
GCE/[Fe(CN)6]3−/4− interface. Both GCE/NiDMG-AuNP and GCE/AuNP electrodes gave higher peak
currents and faster electron transfer kinetics when compared the bare GCE. This observation is in
favour of the application of the NiDMG-AuNP as a suitable modifier. It was interesting to note that the
electrodeposition of AuNP on the GCE/NiDMG electrode resulted in peak current enhancement in
comparison to bare GCE. We believe that the presence of the complex must have assisted in the
electrodeposition by providing a larger surface area and distribution of the AuNP.
The enhancing effect of the GCE/NiDMG during the electrodeposition of gold is supported by
the electrochemical impedance spectroscopic (EIS) data in Fig. 3b. The diameter of the semicircle in
the Nyquist (called the charge transfer resistance, Rct) can be used as in indication of electron transfer
at the electrode interface. The larger the semicircle the slower the rate of electron transfer. The R ct
values of both GCE/NiDMG and GCE/NiDMG-AuNP are lower than that of bare GCE in agreement
with the CV. However electrode with the fastest electron transfer kinetics is GCE/NiDMG-AuNP
denoting its potential for electrochemical analysis.

a)

b)

c)
Figure 3. (a): CVs of the electrodes in 5 mM [Fe(CN)6]3−/4−. (b) EIS of the electrodes in 5 mM
[Fe(CN)6]3−/4− (0.1 to 105 Hz at bias potential of 0.220 V). (c) CV at different scan rates
GCE/NiDMG-AuNP in 5 mM [Fe(CN)6]3−/4−.
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For electroanalysis, the stability of an electrode modifier is imperative. The stability of the
GCE/NiDMG-AuNP was interrogated with CV at different scan rates between 10 mVs-1 and 400 mVs1
in the presence of [Fe(CN)6]3−/4− redox probe (Fig. 3c). There was no marked shift in the cathodic and
anodic peak potential as scan rate changes therefore the stability of the NiDMG-AuNP on the GCE can
be inferred. Furthermore, the anodic and cathodic peaks currents increased linearly with the square
root of the scan rate with a correlation coefficient of 0.9964. This result signifies a diffusion controlled
process from the Randles - Sevcik equation in which diffusion coefficient can be calculated. For the
modified electrode to be used as a sensor, it is expected that the kinetics of the analyte be a diffusion
controlled process.

3.5 Electrochemical detection of o-NP
Fig.4a reports the CV observed for 5 mM o-NP on GCE/NiDMG-AuNP in 0.1 mol L-1
phosphate buffer at scan rate of 50 mVs-1. The blank buffer solution did not show any obvious
faradaic current and thus the peak observed in the presence of o-NP can be solely attributed to the oNP analyte. A typical cyclic voltammetry of o-NP similar to that reported by Ndlovu et al [29] was
observed in Fig. 4a. The reactions occurring at each peak and the mechanism has been reported in the
literature [29, 39, 40].
Fig. 4b compares the SWV responses of the modified electrodes in the presence of of o-NP.
The electrochemical reduction current of o-NP on GCE/NiDMG-AuNP is about 77 % higher than the
bare GCE. This marked current increase demonstrate a synergic effect of both NiDMG and AuNP
towards the phenol reduction. These two modified provided a larger surface area for the phenol
accumulation prior to reduction. The presence of π-π interaction between o-NP and the DMG may also
contribute to the peak enhancement. The possibility of a catalytic effect cannot be ruled out though the
peak reduction potential for GCE/NiDMG-AuNP occurs at a slightly lower potential than that of GCE.
The GCE/NiDMG-AuNP was therefore used for the detection of o-NP owing to its better sensitivity
[30, 41].
The effect of pH on the electrochemical reduction of o-NP was studies. The optimum pH range
was between 4 and 7 [39, 40, 42]. An optimum pH of 7 was chosen and used for the detection of o-NP
in this study.
The GCE/NiDMG-AuNP was used in the detection standard solutions of o-NP (Fig 4d). The
experiments were carried out in triplicates and calibration curve is presented as inset in Fig 4d. A
linear range between 19.5 x 10-6 mol L-1 and 1.25 x 10-3 mol L-1 o-NP with a correlation of 0.9910 was
calculated. The detection limit was calculated using the formula 3 σ/slope. Where σ is the standard
deviation of the blank which was taken from five repeats. The detection limit was found to be 0.58
μM. This is comparable to other values obtained from other electrodes which also have detection limits
in the micrometre scale [29, 39, 42].
The stability and reproducibility of the modified electrode were investigated by measuring the
response in 2.5 x10- 4 M o-NP for three days. The electrode was stored at 4°C. The response of the
NiDMG-AuNP modified GCE is 2.5 x10- 4 M, o-NP provided a relative standard deviation of 6.4%,
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demonstrating good reproducibility. The reduction peak current of o-NP decreased to 98.2 % after 14
days and to 80 % after thirty days of storage.

a)

c)

b)

d)

Figure 4. (a) CV of 5 mM o-NP on GCE/NiDMG-AuNP in 0.1 M PBS at scan rate of 50 mV s-1. (b)
SWV of 5 mM o-NP on the different electrodes in 0.1 M PBS. (c) Effect of pH on
GCE/NiDMG-AuNP electrode in a 5 mM solution of o-NP. (d) SWV for different
concentration of o-NP on GCE/NiDMG-AuNP in 0.1 M PBS and Insert Calibration plot
showing errors bars.

3.6 Electrochemical detection of p-NP
A sensor based on the GCE/NiDMG-AuNP platform was also developed for p-NP. From Fig.
5a three peaks were observed from the CV of p-NP. The electrochemical response of p-NP proceeds
through two-step reaction mechanism an irreversible reduction peak appears on the cathodic sweep at
(P1, Epc1= -0.6V) and a pair of reversible peaks (P2, Epa1 = 0.1V and P3, Epc2 = 0.0V). In the first
step, irreversible reduction of p-NP to para-hydroxynitrophenol takes place with the gain of four
electrons (4e-). The second step involves reversible redox reaction which occurs by the exchange of
two electrons, from hydroxynitrophenol to nitrosophenol and vice versa.
The irreversible reduction peak P1 is responsible for the formation of anodic peak P2 and the
second cathodic peak P3. The results described in Fig. 5a are consistent with previous works reported
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on the detection of p-NP [40, 43, 44]. GCE/NiDMG also gave the highest reduction current in the
presence of p-NP (not shown).
The GCE/NiDMG-AuNP was employed for the determination of p-NP using SWV. A linear
relationship between the reduction peak current and p-NP concentration was obtained from 5 x 10-7 M
to 5 x 10-3 M with a linear regression equation of y = −2.139768 × 10−8 C (mol L-1) x −7.725× 10−6
with a correlation coefficient (r2) of 0.9915 and the limit of detection LOD (S/N = 3) of 0.103 µM.
The detection limits obtained for both o-NP and p-NP were compared with other reports and
presented in Table 1. The comparison of other investigation with the present study showed a very good
agreement.

a)

b)

Figure 5. (a) Cyclic voltammogram of 3 mM p-NP on GCE/NiDMG -AuNP in 0.1 M PBS at scan rate
of 50 mV s-1. (b) SWV for different concentration of p-NP on GCE/NiDMG -AuNP in 0.1 M
PBS and insert Calibration plot showing errors bars.
Table 1. Comparison of the performances of different electrochemical sensors for o-NP and p-NP
Modified
Electrodes

Method of
detection

Linear range
(µM)

Reference
s

40

Detection
limit/Analytes
(µM)
0.0667 o-NP

HMS/CPE

DPV

0.1

PPI-AuNP /GCE

SWV

0.61

625

0.45 o-NP

[29]

Nano-Au /GCE

LSV

10 1000
10 1000
0.1 120

8.0 o-NP
8.0 p-NP
0.02 p-NP

[46]

GO/GCE

LSV

β -CD-CNS/GCE

DPV

5

0.3 o-NP

[28]

RGO-AuNP/GCE

DPV,SWV

0.05

0.01,
0.02 p-NP
0.1
p-NP
0.08 o-NP
0.033 o-NP

[34]

OMCs/GCE

DPV

PPI-AuNP/EG

SWV

400
2.00

0.5 90
0.5 90
0.3 — 50

[45]

[47]

[48]
[23]
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1 240
0.1 140
0.025 1 and 1
300
0.02 – 0.5
2 –180

GR-CS/GCE

LSV

0.1
o-NP
0.09 p-NP
0.02 M p-NP

[30]

LR-Au LRA/AuE

DPV

MnO2–NPs
RGO/GCE

LSV

0.01 p-NP

[44]

NPPy/SDS /GCE

SWV

0.0001 p-NP

[50]

ZnO - Fe2O3
NP/Au
ZnO NPs/Au
SWCNT/GCE

Amperomet
ry

3.52
0.832 p-NP

[43]

0.0077 p-NP

[51]

GNS-FePc/GCE

CV

100 700

10 p-NP

[52]

UNFE/GCE

CV

0.5

3000

0.23 p-NP

[16]

5-SSADPAN
Nr/GCE
OGSF/GCE

DPV

6.7

112.1

3.2 p-NP

[53]

SWV

0.2

5.2

0.0375 p-NP

[41]

m-HA pECG/GCE

DPV

0.2

994

0.27 p-NP

[54]

ZG-2/GCE,
ZnO/GCE

CV

10

1000

13.0 p-NP

[55]

DPV

0.0001

100

10 – 100
1– 10
0

2.0

[49]

NiDMGSWV
19.5
1250
0.58 o-NP
This work
AuNP/GCE
0.5 3000
0.103 p-NP
Key: LSV - Linear sweep voltammetry, MS/CPE - Hexagonal mesoporous silica modified
carbon paste electrode, PPI-AuNP /GCE - Poly(polypropyleneimine) gold nanocomposite modified
glassy carbon electrode, Nano-Au /GCE - Nano-gold modified glassy carbon electrode, GO/GCE graphene oxide (GO) film coated glassy carbon electrode, CD-CNS/GCE - β - cyclodextrin
functionalised graphene nanosheets modified with glassy carbon electrode, RGO AuNP/GCEreduced graphene oxide-gold nanoparticle composite modified glassy carbon electrode, OMCs/GCEordered mesoporous carbon modified glassy carbon electrode, PPI-AuNP/EG Poly(polypropyleneimine) gold nanocomposite modified exfoliated graphite electrode, GR-CS/GCE Graphene-chitosan composite modiﬁed glassy carbon electrode, LR-AuLRA/AuE - lamellar ridge-Au
Lamellar-ridge architecture gold electrode, MnO2–NPs RGO/GCE - Manganese dioxide nanoparticles
(MnO2-NPs) over reduced graphene oxide (RGO), NPPy/SDS /GCE -nano polypyrrole/sodium dodecyl
sulphate film, ZnO - Fe2O3 NP/Au, ZnO NPs/Au – Zinc oxide and hematite (Fe2O3) nanoparticles
(NPs), SWCNT/GCE - Single walled carbon nanotube glassy carbon electrode, GNS-FePc/GCEgraphene nanosheets (GNS) decorated iron phthalocyanine (FePc) film modified electrode,
UNFE/GCE - uniform nanoparticle film electrode (UNFE) of glassy carbon (GC), 5-SSADPAN
Nr/GCE - 5-sulfosalicylic acid doped polyaniline nanorods modified glassy carbon electrode,
OGSF/GCE- organosmectite film-modified glassy carbon electrode,m-HA p-ECG/GCE - Edge –
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carboxylated graphene anchoring magnetite hydroxyl apatite nanocomposite modified glassy carbon
electrode, ZG-2/GCE, ZnO/GCE - 3Dimensional flowers shaped zinc glycerolate (ZG-2) and ZnO
microstructure modified glassy carbon electrode, NiDMG-AuNP/GCE - Nickel dimethylglyoxime
complex gold nanoparticles modified glassy carbon electrode.

3.7 Real sample measurement.
The GCE/NiDMG-AuNP was used to detect o-NP and p-NP in a real water sample – an
effluent from an industry. The samples were spiked and the recovery is shown in table 2. The results
show that the effect of matrix is not pronounced on the electrochemical sensor thus supporting its
analytical suitability.
Sample
o-nitrophenol
p-nitrophenol

Concentration added
5.0 μM
10 μM

Amount found
4.32 μM
9.24 μM

% Recovery
87
92

3.8 Interference studies and co-detection of o-NP and p-NP

Figure 6. SWV showing co-detection of both 1 x 10-3 M o-NP and p-NP
The influence of, 2-chlorophenol, 3-chlorophenol, 4-chlorophenol and bisphenol A (BPA) on
the reduction signal were determined for o-NP and p-NP. These phenolic compounds showed no
interference with the o-NP electrochemical signal owing to the fact that they do not have reducible
nitro-group and their hydroxyl group reduction occurs out of the working potentials for o-NP. The
result suggest that the GCE/NiDMG-AuNP may be employed for practical analysis. Furthermore, in
the presence of o-NP, the GCE/NiDMG-AuNP lost 17% of the initial reduction current (at scan 1) at
the fifth scan, in comparison to a loss of 29% current at the bare GCE electrode showing that the
GCE/NiDMG-AuNP was more resistant to fouling.
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The square wave voltammetric response of a mixture of o-NP and p-NP was carried out. Fig. 6
shows that the mixture has two different reductive peak current signatures on the GCE/NiDMG-AuNP:
-0.78 V for p-NP and the -0.6 for o-NP. This results suggest this possibility of co-detecting these two
phenols in solution.

4. CONCLUSION
A simple method of depositing AuNP on a nickel DMG complex has been described. Though
the use of AuNP as a sensor platform is well reported, this work shows the possibility of
electrodepositing AuNP on a metal complex and its applicability as a sensor for ortho and para
nitrophenol. The synergic effect of NiDMG-AuNP platform reported can be explored in the detection
of other analytes.
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