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Abstract: Electrochemical detection of nitrite was ach-
ieved via electrodeposition of gold nanoparticles
(AuNPs) onto glassy carbon electrodes, followed by 3-
mercaptopropionic acid (MPA) self-assembly, enabling at-
tachment of an iron(III) monoamino-phthalocyanine
(FeMAPc) catalyst via amide bond formation. The use of
scanning electron microscopy, energy dispersive X-ray
spectroscopy and ultraviolet-visible spectroscopy realised
surface characterisation while cyclic voltammetry and
electrochemical impedance spectroscopy techniques were
applied for electrochemical interrogation. The electro-
chemical behaviour of nitrite at the bare (GCE), AuNPs/
GCE, FeMAPc/GCE and FeMAPc-MPA/AuNPs/GCE

was further scrutinised using differential pulse voltamme-
try in phosphate buffer solution (0.1 M PBS, pH 5.8).
Overall the FeM APc-MPA/AuNPs/GCE resulted in sensi-
tivity 14.5 nA/puM, which was double that of AuNPs/GCE,
2.4 times FeMAPc/GCE and 3.5 times the response at
a bare GCE, with linear range 1.9 uM-2.04 mM (PBS,
pH5.8) and LOD 0.21 uM. An interference study re-
vealed that the proposed sensor (FeMAPc-MPA/AuNPs/
GCE) exhibited a selective response in the presence of
interfering anions and the analytical capability of the
sensor was demonstrated via nitrite ion determination in
real water samples.
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1 Introduction

Nitrite is well recognised as a serious environmental pol-
lutant and has widespread use as food additive or preser-
vative, fertilizing agent and corrosion inhibitor [1,2]. In
terms of human health impact it can promote the irrever-
sible oxidation of hemoglobin to methemoglobin and
hence can reduce the blood’s capacity to transport O,
and is known to interact with amines and amides within
environmental, food and physiological systems to form
highly carcinogenic N-nitrosamine compounds [3-5]. Ac-
cording to the World Health Organisation (WHO), the
maximum permissible amount of nitrite ion in drinking
water is 3 mgL™" [6], while the European Community has
indicated that the maximum limit is 0.1 mgL™" — consider-
ably lower [7].

As a result, accurate and rapid determination of nitrite
in drinking water, food and environmental samples has
attracted much research attention and has involved spec-
trophotometry [8], solid phase spectrophotometry [9]
chromatography [10], chemiluminescence,[11] capillary
electrophoresis [12], spectrofluorimetry [13] and electro-
chemical biosensors [14]. The conventional spectrophoto-
metric determination of nitrite ion is based on the absorb-
ance at (526 nm) of an azo dye which is formed by the re-
action of nitrite with sulfonamide and N-(1-napthyl) eth-
ylene diamine. However, this method has limitations e.g.
control of pH, toxicity of reagents, interferents and the
time involved for assay. Chromatographic methods also
exhibit several disadvantages including the requirement
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for trained personnel and derivatisation steps. On the
other hand, electrochemical techniques can provide
simple and cost-effective alternatives for selective and
sensitive nitrite determination [15,16], providing a rela-
tively safer and environmentally friendly approach with
fewer reagents involved. These are mainly based on po-
tentiometric [17], voltammetric [16] and amperometric
[18] measurements. Although the nitrite ion is electroac-
tive at carbon electrodes, its oxidation requires a high
overvoltage where oxidisable compounds may interfere
[19], hence catalytic modification of the electrode surface
is required to lower this value. It has been well-docu-
mented in the literature that electrodes modified with
metallophthalocyanine and metalloporphyrin complexes
can be used as electrocatalysts [20,21].

The selection of such complexes is based on changes in
oxidation states while retaining stability and molecular

[a] A.A. Saeed, M. N. Abbas
Anal. Lab., Applied Organic Chemistry Department,
Chemical Industries Division, National Research Centre
Dokki, Cairo, Egypt

[b] B. Singh, E. Dempsey
Centre for Research in Electroanalytical Technologies
(CREATE), Institute of Technology Tallaght (ITT Dublin)
Tallaght, Dublin 24, Ireland
*e-mail: Eithne.Dempsey@ittdublin.ie

[c] Y. M. Issa
Chemistry Department, Faculty of Science, Cairo University
Giza, Egypt

Electroanalysis 2015, 27, 10861096 1086


http://www.electroanalysis.wiley-vch.de

Full Paper

structure during electrocatalysis. The central metal coor-
dinated to the N, ring plays the main role in the electro-
catalytic process and modification of the ring by attaching
different substituents and/or varying the nature of the
central metal ion can result in dramatic changes in redox
properties and subsequent generation of catalytic currents
[22]. Catalytic activity had been observed mainly for
those metallophthalocyanine complexes containing elec-
trochemically active central metals such as Fe, Co, Mn
and Cu [23]. Hwang et al. demonstrated that FePc ad-
sorbed on the edge plane of Pyrolytic Graphite was an ef-
ficient catalyst for nitrite detection [24]. The electrochem-
ical oxidation of nitrite using co-deposited Pt nanoparti-
cles and Fe(IIl) on glassy carbon electrode (GCE) has
been reported [25].

Electrode modification has involved strategies such as
drop casting [18], electropolymerization [26], adsorption
on SiO,/SnO,/phosphate modified electrode [27] and
layer by layer approaches [15]. It is also well known that
self-assembly is a suitable method for the preparation of
ordered layers onto the electrode surface [28] and self-as-
sembly of AuNPs can be achieved via suitable functional
groups including thiol and amine [29,30].

In this study, we present nitrite determination via syn-
thesis and characterisation of iron(II1) monoamino-phtha-
locyanine (FeMAPc) followed by surface confinement
onto a MPA/AuNPs modified glassy carbon electrode sur-
face.

2 Experimental
2.1 Materials

3-Mercaptopropionic acid (MPA, 99%), gold(III) chlo-
ride trihydrate (>99.9 %), N-hydroxysuccinimide (NHS),
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydro-
chloride (EDC), sodium nitrite (97 %), sodium nitrate,
potassium hexacyanoferrate(III) (>99 %), potassium hex-
acyanoferrate(Il) trihydrate (>99.99%), iron(Ill) chlo-
ride anhydrous, potassium phosphate monobasic (99 %)
and potassium phosphate dibasic (98 %) were purchased
from Sigma-Aldrich. 4-nitrophthalic anhydride and
phthalic anhydride were purchased from Fluka. Phos-
phate buffer solution was prepared using 0.1 M KH,PO,
and 0.1 M K,HPO,.

2.2 Apparatus and Measurements

The surface morphology and distribution of the nanopar-
ticles were characterised using scanning electron micros-
copy (JEOL JSM-6390LV model). For SEM/EDX meas-
urements, samples were suspended in distilled water, so-
nicated and drop cast onto carbon tape fixed on Al
sample stub and dried overnight. Elemental identification
was achieved by EDX measurements. The presence of
AuNPs was also confirmed by ultraviolet-visible absorp-
tion spectroscopy (BioTek Synergy H1-Hybrid detector).
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FTIR analysis was performed using SHIMADZU IR
Prestige-21 FTIR Spectrometer.

The electrochemical experiments (cyclic voltammetry,
electrochemical impedance spectroscopy and differential
pulse voltammetry measurements) were performed using
an electrochemical workstation CH Instruments Inc.
750A, in acidic (0.5M H,SO,) and phosphate buffer
(0.1 M, pH 5.8) electrolytes, using a conventional three-
electrode cell (5mL) at room temperature. A modified
glassy carbon electrode (3 mm diameter) served as the
working electrode, while platinum wire and a standard
Ag/AgCl electrode (filled with 3M KCl) were used as
the counter and reference electrodes, respectively. Prior
to electrochemical measurements, the glassy carbon elec-
trode was polished with 1.0, 0.3, 0.05 micron size alumina
powders, sonicated in acetone and distilled water, washed
with deionised water and dried using argon at room tem-
perature.

2.3 Synthesis of Iron(III) Mononitro-Phthalocyanine and
Iron(II) Monoamino-Phthalocyanine

Iron(III) mononitro-phthalocyanine was synthesised by
modifying the procedure reported for the synthesis of
monocarboxy-phthalocyanine.[31] 4-Nitrophthalic anhy-
dride  (0.005 mole, 0.965g), phthalic anhydride
(0.035 mole, 5.18g), iron(III) chloride anhydrous
(0.01 mole, 1.622 g), urea (25 g) and traces of ammonium
molybdate tetrahydrate as a catalyst (0.01 g) were added
to a round bottom flask containing 30 mL of nitroben-
zene. The reaction mixture was refluxed (200°C) with
continuous stirring for 5 h, until a stable dark blue color
precipitate appeared. The solvent was discarded by filtra-
tion, followed by sufficient washing with HCl (1.0 M),
NaOH (1.0 M) and distilled water until a colorless neutral
filtrate was obtained. The precipitate obtained was ex-
pected to consist of a mixture of iron(IIT) phthalocyanine
and Iron(I1T) mononitro-phthalocyanine.

In the next step, 1 g of the as-prepared iron phthalocya-
nine complexes, 5 g of sodium sulfide and 50 mL distilled
water were added into a 250 mL round bottom flask.[32]
The reaction mixture was heated at 50 °C with stirring for
5 h, followed by filtration and washing of the precipitate
with distilled water until a colorless filtrate was obtained.
This resulted in reduction of the nitro substituted iron
complex to the amino derivative (which was available for
EDC/NHS attachment to the Au/SAM layer as described
below). FTIR spectrum of FeMAPc is shown in Figure 1,
Two weak absorption bands were observed at 3348 and
3213 cm ! due to the asymmetric and symmetric stretch-
ing of the amino group. In addition, bands at 729 cm™
(Fe-N), 1080-1118cm™' (C-N), 1419 cm ',1469 cm ™,
1495 cm™ (aromatic C=C), 1608 cm™' (N-H bending)
and 3055 cm™' (aromatic C-H) were observed.[33,34]
The absorption peak at 1724 cm ™' could be attributed to
C=N or N—H deformations.[35]
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Fig. 1. IR spectrum of FeMAPc.

2.4 Electrochemical Deposition of AuNPs on Surface of
GCE

A carefully cleaned glassy carbon electrode (GCE) was
scanned between 0.0-1.6 V at 100 mV/s in a 0.5 M H,SO,
until a reproducible current response was obtained. The
electrode was then immersed in a deaerated (20 min) so-
lution of 2.5mM HAuCl,.3H,O in 0.1 M NaNO; and
scanned between 1.0-0.0 V at 50 mV/s for 10 cycles. This
was followed by gentle washing of the electrode to
remove any undeposited precursor ions. The so-obtained
electrode was labelled as AuNPs/GCE.

ELECTROANALYSIS

2.5 Immobilisation of FeMAPc¢ via SAM Formation onto
AuNPs/GCE

The step by step schematic illustration of the electrode
fabrication process is shown in Scheme 1. The AuNPs/
GCE was immersed overnight in an aqueous solution of
0.01 M MPA.[36] The electrode was then removed and
washed gently with distilled water to remove any excess
MPA. The activation of the terminal carboxylic group of
the thiol linker [37] was achieved by immersing the MPA/
AuNPs/GCE in an ethanolic solution of 0.01 M EDC/
0.01 M NHS for 2 h. Finally, the covalent immobilisation
of Iron(III) mononitro-phthalocyanine, was carried out
by immersing the electrode in 0.001 M of the catalyst in
DMF for 3 h. The electrode was then washed with DMF
and distilled water to remove any weakly adsorbed mate-
rial and dried at room temperature. The modified elec-
trode is labelled as FeMAPc-MPA/AuNPs/GCE and em-
ployed in electrochemical measurements.

3 Results and Discussion
3.1 Surface and Spectroscopic Characterisation

SEM and EDX analysis together provide information re-
garding morphology, particle dispersion and elemental
composition of the materials. SEM and EDX analysis of
AuNPs and FeMAPc-MPA/AuNPs (following detachment
from the electrode via sonication) are shown in Figure 2

GCE AuNPs/GCE °JI J/RO
Electrodeposition SAM
s OH
) > AuNPs
2.5 mM HAuCL,.3H,0 Dipping in 0.01M MPA $
50 mV/s overnight S j\
10 cycles 07 oH
1.0to 0V
HO [0}
0.01M EDC/0.01M NHS AT
Activation
for2h
Immobilization
MPA/AuNPs/GCE (activated)
1 mM of FeMAPc
for3h

AuNPs
FeMAPc-MPA/AuNPs/GCE

Scheme 1. Schematic illustration of the electrode preparation.
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Fig.2. SEM images of (a—d) AuNPs and (e,f) FeMAPc-MPA/AuNPs samples at different magnifications.

and Figure 3. SEM images confirm the dispersed nature
of the nanoparticles and the high magnification images
confirmed an approximate size of 100 nm.

Elemental identification was confirmed via the EDX
profiles (Figure 3) and was in agreement with the synthet-
ic composition. The presence of carbon (C) signal is due
to the carbon tape used for sample preparation for SEM
analysis, the oxygen (O) signal is due to the contribution
from environmental oxygen, adsorbed water and from
MPA (in case of FeMAPc-MPA/AuNPs). The presence of
sulfur (S) signal is attributed to the sulfur atom of the
MPA which also confirms the SAM formation (Au-S
bond). The presence of Fe signals (Figure 3b), confirms
the successful immobilisation of FeMAPc.
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The electrode materials were also characterised using
UV-visible spectroscopy (300-800 nm). For this purpose,
four AuNPs and four FeMAPc-MPA/AuNPs modified
glassy carbon electrodes were sonicated in 210 uL. deion-
ised water followed by transfer of 200 pL into microwells
for UV-visible spectroscopy measurements. Figure 4
shows the spectra (labelled) for the blank (deionised
water, curve a), FeMAPc (curve b), AuNPs (curve ¢) and
FeMAPc-MPA/AuNPs (curve d). In the case of the
AuNPs a surface plasmon absorption wave was observed
at 550 nm (curve c). The broad nature of the absorption
curve may be attributed to the particle size effect or pos-
sible aggregation of the particles. In the case of FeMAPc
(curve b), an absorption wave at 730 nm (Q band) was at-
tributed to the m—mn* electronic transition from the
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Fig.3. EDX profiles of (a) AuNPs and (b) FeMAPc-MPA/AuNPs.

1.0
0.8
]
0.6
] d
€ o4
o ¢
£
< 0.2 b
a
0.0
300 400 500 600 700 800

Wavelength {nm)

Fig. 4. UV-visible spectra of (a) blank (deionised water), (b)
FeMAPc, (c) AuNPs and (d) FeMAPc-MPA/AuNPs.

HOMO (highest occupied molecular orbital) to the
LUMO (lowest unoccupied molecular orbital) of the
phthalocyanine ring.[38] A less intense band in the blue
end of the UV region (B band) was observed at 400-
450 nm and attributed to the deeper m levels—=LUMO
transitions. The UV-visible spectra for FeMAPc-MPA/
AuNPs (curve d) showed a broad band from 550-750 nm,
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confirming the contribution from the AuNPs together
with sucessful FeMAPc attachment.

3.2 Electrochemical Characterisation — CV and EIS
Measurements

The cyclic voltammetric response during AuNPs electro-
deposition is shown in Figure 5 A. The first and last cycles
are labelled. At the first cycle Au(I1I) is reduced to Au(0)
at 0.35V and the formation of these nuclei induces the
subsequent deposition of AuNPs on the GCE surface.
The shift in peak position of the following cycles, from
0.35 to 0.7 V after ten cycles, confirms the Au depostion
on the firstly formed Au nuclei. Following nanoparticle
deposition, the electrode was washed gently in order to
remove any precursor ions and labelled as AuNPs/GCE.

The various stages of electrode modification were char-
acterised firstly by potential scanning in a redox couple,
5mM [Fe(CN)¢]** (1:1), from 0.7 to —0.2'V at a scan
rate of 100 mV/s. From Figure 5B, it was observed that
the oxidation and reduction current peaks and E, values
were influenced during each step of electrode fabrication.
AuNPs electrodeposition amplifies the current response
(curve b) compared to bare GCE (curve a), due to the
high surface-to-volume ratio of the nanoparticles. Assem-
bly of a monolayer of MPA blocks the electron transfer
process and this is revealed by the highest AE value and
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Fig.5. (A) CV response recorded during AuNPs electrodeposi-
tion. (B) CVs of (a) bare/GCE, (b) AuNPs/GCE, (c) MPA/
AuNPs/GCE and (d) FeMAPc-MPA/AuNPs/GCE in a solution
of 5 mM [Fe(CN)g]**~ and 0.1 M KCl.

the lowest oxidation and reduction peak currents (curve
c) at this stage of electrode fabrication. The success of co-
valent immobilisation was also confirmed from this study.
The lowest AE value and greatest oxidation/reduction
currents were observed for FeMAPc-MPA/AuNPs/GCE
(curve d) (see Table 1) demonstrating the synergistic
effect of FeMAPc and AuNPs in the final stage of elec-
trode fabrication.

Electrochemical impedance spectroscopy (EIS) is an
effective characterisation technique for examining interfa-
cial properties of modified electrodes. From the EIS

Table 1. AE, I, R, and k° values of [Fe(CN)s*"*~ redox couple.
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Fig. 6. EIS response of (a) bare/GCE, (b) AuNPs/GCE, (c)
MPA/AuNPs/GCE and (d) FeMAPc-MPA/AuNPs/GCE in a solu-
tion of 5mM [Fe(CN)J>* and 0.1 M KClI at initial potential
0.22 V and from 0.1 to 10° Hz. Equivalent circuit used for R, cal-
culations is shown as inset.

measurements (Figure 6, labelled) and equivalent electri-
cal circuit designed from the impedance spectrum, R
values were calculated for each stage of electrode fabrica-
tion. The typical impedance spectrum, presented in the
form of Nyquist plot, includes a semicircle at higher fre-
quencies corresponding to the charge transfer limited
process and a linear portion at lower frequency range
representing the diffusion limited process.

The semicircle diameter in the impedance spectrum is
a measure of the charge transfer resistance, R, and can
be used to describe the interface properties at different
stages of the electrode modification. Impedance data
(Figure 6) was recorded from the Nyquist plot over the
frequency range from 0.1 to 10° Hz at initial potential
022V and amplitude 5mV using 5mM [Fe(CN)¢]>™"
(1:1) redox couple, at different electrode modification
stages and was in agreement with the redox probe CV
data above. Table 1 reveals that the electrodeposition of
AuNPs decreased the electron resistance relative to the
bare GCE and also proves that so formed MPA monolay-
er acts as a resistive layer due to the presence of nega-
tively charged carboxylic groups which impede access of
the anionic redox system. The electrode surface modified
with the FeMAPc redox mediator resulted in a significant
reduction in R, indicating electron transfer accessibility
and utility of the so formed catalytic film. Standard heter-
ogeneous rate constants were calculated and shown in
Table 1 with the FeMAPc-MPA/AuNPs/GCE resulting in

Electrode I, (nA) I. (pA) AE (mV) R. (RQ) k° (cm/s)
GCE 67.43 —64.62 128 2712 0.00274
AuNPs/GCE 71.24 —67.44 120 133.6 0.00569
MPA/AuNPs/GCE 50.58 —46.8 178 417.7 0.00182
FeMAPc-MPA/AuNPs/GCE 76.71 —79.68 96 64 0.01188
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a 10 fold increase in value relative to k° measured in the
absence of the catalyst.

3.3 Electrochemical Nitrite Detection Using FeMAPc-
MPA/AuNPs Modified Glassy Carbon Electrode

3.3.1 Cyclic Voltammetry Measurements

Surface redox characterisation was performed using CV
in phosphate buffer solution and H,SO, electrolytes. In
0.5M H,SO,, no redox behaviour was evident for bare
GCE (Figure 7Aa) while AuNPs/GCE (Figure 7Ab)
showed the associated Au electrochemistry with a clear
reduction wave observed at ca. 0.90 V. Following self as-
sembly of MPA (Figure 7 Ac), a decrease in the reduction
current was observed which is attributed to the passiva-
tion of the AuNPs, though an increased oxidation wave
was observed at £,=1.09 and 1.26 V. This may be due to
the oxidative desorption of MPA from AuNPs modified
electrode surface [39]. Following FeMAPc immobilisation
(Figure 7Ad), the Au reduction current decreased with
a slight anodic shift. In addition to the Au reduction wave
(E,=0.93V), there was another peak observed at ca.
0.76 V which was attributed to reduction of Fe(IIT)Pc™ to
Fe(II)Pc. An obvious increase in the oxidation peak of
gold was recorded due to the overlap of the Fe(IT)Pc iron
oxidation at 1.0 V vs Ag/AgCl.

NO," testing was performed using the FeMAPc-MPA/
AuNPs modified glassy carbon electrode in phosphate
buffer solution (0.1 M, pH 5.8). NO,™ in acidic solution is
well known to be unstable and can undergo transforma-
tions to NO and NO;,[40] but the oxidation of nitrite at
higher pH values is difficult due to deficiency of protons
[41]. Therefore, 0.1 M PBS pH 5.8 was selected for elec-
trochemical nitrite detection studies. Figure 7B shows the
electrode response to 1 mM NO,™ in 0.1 M PBS (pH 5.8)
over the potential window 0.0-1.6 V at 50 mV/s. The
GCE showed a broad peak at around 1.13 V as labelled
in Figure 7Ba. When FeMAPc was directly drop cast
onto the GCE surface (Figure 7BDb), the oxidation peak
current of nitrite increased and shifted cathodically to
1.06 V which is an indication of the surface modification
and the catalytic capability of FeMAPc. The AuNPs/GCE
(Figure 7Bc) resulted in a sharp peak at 0.81 V, probably
due to the high surface area offered by the nanoparticles
for ease of access for the anion relative to the bare GCE.
The FeMAPc-MPA/AuNPs modified glassy carbon elec-
trode (Figure 7Bd), resulted in the highest current and
lowest overpotential which was attributed to the combi-
nation of AuNPs and catalytic capability of FeMAPc.

The influence of scan rate was examined and Fig-
ure 8A shows the voltammograms for the FeMAPc-
MPA/AuNPs modified glassy carbon electrode in 1 mM
NO,” (0.1 M PBS, pH5.8) at different scan rates (10—
100 mV/s). It was observed that the peak current increas-
es (1,) linearly with the square root of the scan rate (v'?)
(Figure 8 B) which indicates that the oxidation of nitrite
at FeMAPc-MPA/AuNPs/GCE was diffusion-controlled
process.
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Fig.7. (A) CVs recorded in 0.5M H,SO,; (a) bare/GCE, (b)
AuNPs/GCE, (c) MPA/AuNPs/GCE and (d) FeMAPc-MPA/
AuNPs/GCE. (B) CVs in 1 mM NO, (0.1 M PBS, pH 5.8); (a)
bare/GCE, (b) AuNPs/GCE, (c) FeMAPc/GCE and (d)
FeMAPc-MPA/AuNPs/GCE.

The peak potential (E,) was plotted versus log v and
resulted in a straight line (y=0.0477x+0.8519, R*=0.99),
indicating the irreversibility of the nitrite oxidation pro-
cess. The Tafel slope (b), the electron transfer coefficient
(a) and the number of the electron transfer involved in
the rate-determining step (n,) can be obtained from the
equation applied for a totally irreversible diffusion-con-
trolled process.[42]

E, = (b/2) log v 4 constant
E, = (23RT/2(1-a)n, F)logv + K

The slope obtained indicates one-electron transfer to
be the rate determining step [43,44], (b=2x47.7=
95.4 mV/decade and a=0.38). A plot of I/v'* versus v,
resulted in the typical shape of the EC' catalytic process
(data not shown).[45] Thus, the total number of electrons
involved in the overall reaction (n,) can be determined
from the following equation.[44]
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Fig.8. (A) CVs recorded for FeMAPc-MPA/AuNPs/GCE in
1 mM NO, in 0.1 M PBS (pH 5.8) at different scan rates (10—

100 mV/s). (B) Relationship between oxidation peak current (Z,)
and square root of the scan rate (v'?).

010 015

I, =299 x 10° n,[(1-a)n,])' > ACD"*v'/?

Where I /v'"?=14391 pA/(Vs™)"?,  (1-a)n,=0.619,
D=21x10""cm*s™" [46], A=0.07 cm?* C=1x10"°mol/
cm’. The value of n, was 1.9, suggesting two electrons in-
volved in the mechanism of nitrite oxidation, where ni-
trate is the predominant product of the reaction. The ex-
perimental data obtained is in agreement with the mecha-
nisms proposed previously [47-49]. A chemical interac-
tion firstly occurs between NO,™ and Fe(III)Pc* to form
an adduct [43], followed by oxidation of this adduct, and
then rapid disproportionation of NO, [50].

2Fe(III)Pc* + 2NO, ™ — 2[Fe(II)Pc-NO,]
2[Fe(I1)Pc-NO,] — 2Fe(III)Pct + 2NO, + 2e~

2N02 + Hzo — NOZ_ + NO3_ + 2H+
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3.3.2 Differential Pulse Voltammetry

DPV measurements for different concentrations of NO,~
(Figure 9A) were recorded over the potential window
(0.55-0.95V in 0.1 M PBS (pH 5.8)), where both gold is
active and Fe(II)Pc oxidation is possible. As the nitrite
ions can also be oxidised within this potential window,
the influence of both AuNPs and FeMAPc on the sensi-
tivity of nitrite measurement was observed. Calibration
curves corresponding to the various electrode modifica-
tion stages are shown in Figure 9B. FeMAPc-MPA/
AuNPs/GCE showed the best response (sensitivity
14.5 nA/uM, R*=0.9978) while the calculated sensitivity
values for AuNPs/GCE, FeMAPc/GCE and bare GCE
were 7.6 nA/uM  (R*=0.9933), 6.1 nA/uM (R*=0.9997)
and 4.2 nA/uM (R*=0.9964), respectively. The observed
sensitivity response for FeMAPc-MPA/AuNPs/GCE was
therefore 1.9 times the AuNPs/GCE, 2.4 times the
FeMAPc/GCE and 3.5 times the bare GCE.

(A) 304{%2041.m
251
20
<
~a

30- d
25-
20+
< Cc
15+
= b
-
104 a
54
0 g 1 ] )
0 500 1000 1500 2000
[NO, J/ uM
Fig.9. (A) DPVs for FeMAPc-MPA/AuNPs/GCE in different

concentrations of nitrite. (B) Calibration plot (I, vs. nitrite conc.)
for different stages of electrode modification; (a) bare/GCE, (b)
FeMAPc/GCE, (c) AuNPs/GCE and (d) FeMAPc-MPA/AuNPs/
GCE.
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This clearly demonstrated the role of AuNPs and
FeMAPc in improving the surface characteristics of the
proposed electrode for improved nitrite sensing. The dif-
ferent stages of electrode modification show a range of
E, values used to generate the calibration curve. These
values were 0.91, 0.94, 0.77 and 0.76 V for bare GCE,
FeMAPc/GCE, AuNPs/GCE and FeMAPc-MPA/AuNPs/
GCE, respectively.

3.4 Stability and Intra-Electrode Reproducibility
Response

The stability of FeMAPc-MPA/AuNPs modified glassy
carbon electrode was tested in 0.1 M PBS in the absence
and presence of 100 uM nitrite ion by continuous poten-
tial cycling (0.0-1.2'V, 25 cycles). A decrease in current
response (at the nitrite oxidation peak 0.8 V vs. Ag/AgCl)
of about 8.0% and 2.8 % was observed during cycling in
the absence and presence of 100 pM nitrite ion, respec-
tively. The stability of the proposed electrode was also
evident from the cyclic voltammetric response in
a [Fe(CN)¢]>*”*~ solution upon continuous potential cy-
cling (0.7 to —0.2 V). A change of 2.5% in redox current
response (oxidation peak current at 0.27 V) was observed
upon continuous cycling (25 cycles). All these studies
demonstrate that the proposed electrode is capable of
continuous and repetitive measurements with catalytic re-
generation.

In order to ascertain the intra-electrode reproducibility,
oxidation of 20 uM nitrite ion in 0.1 M PBS (pH 5.8) was
examined using a FeMAPc-MPA/AuNPs modified glassy
carbon electrode, resulting in %RSD=11.3% (n=18,
average =316 nA), confirming a lack of surface fouling
during operation. The stability of FeMAPc-MPA/AuNPs
modified glassy carbon electrode was also examined over
time at room temperature (dry state). The current re-
sponse for the FeMAPc-MPA/AuNPs/GCE was recorded
following 50 days (n=12) and a signal decrease of ap-
proximately 3.0 % was observed compared to the results
firstly obtained upon calibration.

3.5 Interference Study and Real Sample Analysis

Possible interferences for the quantitative determination
of nitrite on FeMAPc-MPA/AuNPs/GCE were investigat-
ed by addition of 100 fold excess of Na®, K*, NH,",
Mg?**, Ca’", COs*, HCO; , NO;~, CI", citrate, acetate
and SO,*" ions (Na,CO,;, NaHCO;, K,SO,, KCI, NaNO;,
sodium citrate, sodium acetate, CaCl,, MgCl, and NH,CI)
in 0.1 M PBS (containing 20 uM nitrite). The % change
in the nitrite oxidation current response is shown as a bar

Table 2. The determination of nitrite in laboratory tap water.
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Fig. 10. Change in oxidation current (% response change) for
the determination of 20 uM nitrite in the presence of 100 fold
excess of interfering ions into 0.1 M PBS at FeMAPc-MPA/
AuNPs/GCE.

graph (Figure 10). The nitrite response was recorded
before and after each interferent and compared as % re-
sponse change for each interferent. From the interference
investigation, it was observed that only HCO;,
(NaHCO;) contributed to the nitrite response (~7%)
while NO;~ contributed less than 1%. All other interfer-
ences did not show any increase in nitrite current re-
sponse, but signal decreases were observed. This may
have been due to either electrode insensitivity, chemical
interaction or electrode fouling.

The modified electrode was also tested for nitrite de-
tection using laboratory tap water (Table 2). The phos-
phate buffer solution was prepared with tap water and
distilled water separately, and the results were compared.
25ul of 0.01 M nitrite was added to 5mL solution
volume (50 uM nitrite) and measurements were recorded
5 times. A nitrite response of 59.44 uM was found with
a recovery (99.6%) and relative standard deviation
(3.6%). Table 3 gives a comparison of similar reports in
the recent literature providing evidence of the analytical
benefits obtained via the use of this approach.

4 Conclusions

An electrochemical sensor (FeMAPc-MPA/AuNPs/GCE)
was prepared and investigated for nitrite measurement
using cyclic voltammetry and differential pulse voltamme-
try in phosphate buffer solution (0.1 M PBS, pH 5.8). The
proposed sensor relied on the catalytic behaviour of the
synthesised iron(III) monoamino-phthalocyanine catalyst
for nitrite oxidation. SAM formation and catalyst attach-

Sample Added (uM) Expected (uM) Found (uM) RSD (%, n=5) Recovery (%, n=>5)
Lab. tap water - - 9.66 42 -
50 59.66 59.44 3.6 99.6
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Table 3. Comparison of this work with prior reports of nitrite detection.

Electrode material Linear range LOD (uM) Reference
Fe(IIT)P/MWCNTs/GCE 1-600 uM 0.5 [51]
Si0,@Fe;0, 0.72-110 pM 0.74 [52]
Au-Pt nanoparticles 70 uM-1.2 mM 2 [53]
Au-Pt nanoparticles 2.5-400 uM 1 [54]

POA 2-50 uM 1.05 [55]
Fe-HNPs 9 uM-3 mM 2.6 [56]
Cu-NDs/rtGO 1.25 pM-13 mM 0.4 [57]
Fe(bpy);*"/Nf/GCE 200 pM-20 mM 30 [58]
FeMAPc-MPA/AuNPs/GCE 1.9 uM-2 mM 0.21 This work

ment is a simple, reproducible process with high durabili-
ty as an analytical device. The first such use of this specif-
ic catalyst and its surface confinement results in improved
surface characteristics and analytical performance relative
to previous reports (linearity and LOD). Data generated
demonstrate the significant role of gold nanoparticles and
the catalytic capabilities of FeMAPc-AuNPs combination
in improving the electro-catalytic nitrite response at E,=
0.75 'V vs. Ag/AgCl with evidence of operation in spiked
water samples.
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