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Abstract
A sensing device was constructed for the amperometric determination of nitrite. It is based on the use of titanium dioxide (TiO2)
nanotubes template with natural fibers and carrying hemin acting as the electron mediator. A glassy carbon electrode (GCE) was
modified with the hemin/TNT nanocomposite. The electrochemical response to nitrite was characterized by impedance spec-
troscopy and cyclic voltammetry. An amperometric study, performed at a working potential of + 0.75 V (vs. Ag/AgCl), showed
the sensor to enable determination of nitrite with a linear response in the 0.6 to 130 μM concentration range and with a 59 nM
limit of detection. Corresponding studies by differential study voltammetry (Ep = 0.75 V) exhibited a linear range from 0.6 × 10−6

to 7.3 × 10−5Mwith a limit of detection of 84 nM. The sensing device was applied to the determination of nitrite in spiked tap and
lake water samples.
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Introduction

Nitrite is being widely used in meat curing [1], food preserva-
tives [2], dyes and bleaches [3], fertilizers as well as for me-
dic inal purposes. Numerous heal th hazards l ike
Methemoglobinemia or Bblue baby syndrome^, gastric cancer
[4], spontaneous intrauterine growth restriction [5], abortions
and birth defects have been associated with high nitrite con-
centrations. The relative standard has been established to limit

the concentration of nitrite in aquaculture and drinking water
because of the damages held by their higher concentration.
The World Health Organization (WHO) set the safe limit of
nitrite in potable water is 3 mg/L [6]. The generation of por-
table and cheap sensors with high sensitivity and selectivity is
considered to be a challenge. Nitrite from environment and
food sources can react with amine groups to yield carcinogen-
ic agent nitrosamines [7]. Because of the occurrence of toxic-
ity in biological system there is a need to monitor the level of
nitrite concentration accurately; many strategies have been
demonstrated for the efficient analysis of nitrite, which in-
cludes ion-chromatography [8], spectroscopic method [9],
chemiluminescence [10], spectrofluorimetry [11] and electro-
chemical method [12]. Among these strategies, electrochemi-
cal method is a promising high performance tool with an ex-
cellent advantage of reliability, high sensitivity and good se-
lectivity. Nevertheless, the estimation of nitrite on bare glassy
carbon electrode (GCE), has limitations due to several species
that can poison the surface of the electrode [13]. To overcome
this issue, electrodes were chemically modified and used. The
aim of the chemical modification on the electrode surface is to
avoid electrode fouling and to enhance the electrocatalytic
oxidation of nitrite [14]. Various redox mediators modified
nanomaterials and conducting polymer based sensors have
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been widely utilized for the sensitive high performance anal-
ysis of nitrite. For instant the modification on the electrode
such as chit/Prussian blue nanoparticles modified on amixture
of graphene nanosheets and carbon nanospheres [15],
poly(3,4-ethylenedioxythiopene) / iron phthalocyanine /
multi-walled carbon nanotubes (PEDOT/FePc/MWCNTs)
[ 1 6 ] , g o l d / r e d u c e d g r a p h e n e o x i d e / p o l y
(diallyldimethylammonium chloride) (Au-rGO/PDDA) [17],
multilayer of carboxylated nanocrystalline cellulose and
PDDA in PEDOT host [18], AuNC/PEDOT [19], thionine
modified CNTs [20], rGO modified GCE [21], titanium diox-
ide nanoparticles/ionic liquid composite electrode [3], rGO/
MWCNTs [22], polyaniline/MoS2 nanocomposites [23],
rGO/ferrocene [24], PEDOT/PAS [25], Cobalt nanostructures
/GO/PPy) [26], and nano-sized hydroxyapatite/PEDOT [27]
have shown lower detection limits towards electrochemical
detection of nitrite in various samples.

Metal oxides are attracted for the purpose of fabrication and
ultimate use in making sensing devices, due to their attested
advantages with the production flexibility, low cost, and good
thermal and chemical stability [28]. Because of the high surface
area, TNT has been widely used as substrate to immobilize
various redox active molecules and enzymes for fabrication of
drug delivery vehicle and biosensors [29], electrocatalysis [30]
and solar cell devices [31]. Mostly, TNT can be synthesized by
template-assisted method using porous alumina (AAO) [32],
electrochemical etching of titanium foil [33] and hydrothermal
method [34]. Imai et al. [33, 35] and other have exploited natural
fibers as a template to prepare using various titanium salt
precursors [36]. However, Imai et al. have shown the stepwise
precipitation of TiF4 on glass, cotton fiber, and porous alumina
in acid pH range yield a thin coating of the anatase form of TNT.

Natural fibers have gained attention in the manufacturing
of various metal oxide based nanostructures. Hence, natural
fibers like kenaf, jute, sisal, hemp, and bamboo are widely
used as template to prepare metal oxides [37]. We have shown
that linen fibers can be used for the preparation of a regular
shaped titanium oxide which was used to immobilize the met-
al nanoparticles and another catalyst [36]. Herein, we
attempted to use kenaf (Hibiscus cannabinus L.) as a template
to prepare uniform sized titanium oxide nanoparticles after
purification with alkali treatment. Kenaf fiber (KF) is cheap,
contains low-density materials, cellulose-rich fiber and pos-
sesses good mechanical properties [38]. Generally, kenaf fiber
length is 1 to 5 mm and its diameter was 0.5 to 2 mm. In the
current research, we generated an elegant method with hemin
modified TNT based electrochemical sensor device to deter-
mine nitrite in water sources. Hemin is a generally accepted
iron-containing porphyrin, a well-known active center of the
heme-protein family such as CytC, hemoglobin, myoglobin,
peroxidase etc. [39]. Hemin has been used as a cheap electron
transfer mediator as it enhances various redox reactions at
lower overvoltage ranges with stable redox system. It can be

easily immobilized on solid supports through π-interaction
onto graphene sheet and covalent modification on carbon fi-
bers [40]. Hemin can be modified with TNT through a strong
electrostatic attraction of two carboxylic acid functional group
and also avoids the molecular aggregation in aqueous solu-
tion, improves the stability and enhance the activity of the
catalyst because of free molecular self-assembly [41]. In the
present investigation, we prepared a stable hemin tagged TNT
for the enhanced electrochemical analysis of nitrite and results
were comparable with the previous published papers. The
present system showed an excellent sensitive and lower detec-
tion limit than the previous published results.

Experimental methods

Materials

Titanium tetrafluride (TiF4), hemin, potassium chloride (KCl),
and phosphate buffer reagents (Na2HPO4, NaH2PO4) were
procured from Sigma-Aldrich (Biocorporals Pvt. Ltd.,
Chennai, India, http://www.biocorporals.net). Sodium nitrite
was purchased from SRL (Vijaya Scientific, Chennai, India,
http://www.vijayascientific.com). The solvents (ammonia,
ethanol, and acetone) used belong to analytical grade
procured from the commercial source (Sudagar biological
and chemicals, Chennai, India, sbcbio.in/) and used as such
without involving further steps for the purification. Kenaf
fibers (length: 1–5 mm and diameter: 0.5 – 2 mm) were
collected from the Textile Technology Department, Anna
University as a gift sample.

A buffer with a pH of 7.0 was made by suspending 0.1 M
KCl with 0.1 M NaH2PO4, and 0.1 M Na2HPO4 in 250 mL
standard flask using DI water. The pH of the solution was
adjusted by an Elico-pH meter (Elico, Pvt. Ltd., India, www.
elico.co/) at room temperature. The stock solution of 0.1 M
nitrite was prepared freshly with DI water and kept at 4 °C
under conditions of the dark.

Instrumentation

Morphological and structural interpretation of the samples
were analysed by field emission scanning electronmicroscopy
(FE-SEM, SU6600, Hitachi, Japan) at an operating voltage of
15 kV. For this powdered sample XRD pattern was registered
by XPERT-PRO diffractometer with a Cu-Kα1 radiation (λ =
1.5406 Å). Confocal Raman spectroscopy model 11I,
Nanophoton, Japan, with Ne-Ar laser (λ = 532.9 nm) and grat-
ing (600/mm) was used in recording Raman spectra. Bruker
Vector-22 Fourier transform spectrometer was used to record
Fourier transform infrared (FT-IR) spectrum at an ambient
room temperature (RT) in attenuated total reflection mode
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(ATR-FT-IR) in the wavenumber range of 400 – 4000 cm−1.
Thermal stability of the nanocomposite was monitored by
thermogravimetric analysis (TGA) using a TGA Q5000,
Thermal Analyzer (TA) instruments at a heating rate of 20°/
min from room temperature up to 800 °C under the nitrogen
atmosphere. Gamry (USA model 330) included with PV 220
software and a CHI 660B electrochemical system (CH instru-
ments, Texas, USA) was used to carry out the electrochemical
experiments. A single compartment electrochemical cell setup
with 3 electrode system consisting of GCE (3 mm in diame-
ter), platinumwire [0.5mm in diameter and the Ag/AgCl (3M
KCl)] were used as a working, counter and reference elec-
trodes respectively. Polishing kit was procured from BAS in-
struments (USA) to polish the GCE surface.

The modified electrode was investigated using cyclic volt-
ammetry (potential window: - 0.6 V to +1.2 V, scan rate:
50 mV.s−1), chronoamperometry curve of nitrite oxidation
was observed at a potential step of + 0.75 V for 60 s,
Differential pulse voltammetry (Scan rate: 20 mV⋅s−1, Pulse
width: 50 mV, Pulse amplitude: 25 mV), and amperometric (i-
t) curves of nitrite were monitored at an supplied potential of
+ 0.75 V under hydrodynamic condition.

CHI-660B electrochemical system with supplying of AC
voltage with 5 mV amplitude with a frequency ranges from
0.1 Hz to 100 kHz was used to carry out electrochemical
impedance spectroscopy measurements. The redox probe
was made by utilizing 10 mM [Fe(CN)6]

3−/4– having 0.1 M
KCl in 250 mL standard flask using DI water. All the prepared
solutions were exposed to high pure nitrogen gas for about
10 min before performing the electrochemical experiments.

Preparation of TiO2 nanotubes

Kenaf plant fibers were finely cut and then precleaned with
1 M alcoholic KOH solution under ultrasonic irradiation to
remove all organic impurities. Finally, the fibers were washed
with DI water and subsequently washed with acetone. To de-
posit TiO2 thin film onto finely cut plant fibers was placed in a
100 mL Teflon® beaker which contains 0.04 M of TiF4 solu-
tion (pH of the solution was adjusted to 2 using 1% NH4OH)
and the temperature of the mediumwas fixed at 60 °C for 24 h
in a hot air oven. The TiO2 modified fibers were isolated by
filtration and then dried under nitrogen atmosphere and finally
calcined at 500 °C for 1 h in muffle furnace to remove the
template.

Preparation of hemin/TNT nanocomposites

200mg of hemin and 200mg of TNTwere taken for preparing
hemin/TNT nanocomposites. Hemin was first dissolved in
20 mL of ethanol and then TNT was added and left stirring
for 24 h to obtain a homogenous suspension of hemin/TNT
nanocomposites. After 24 h, the reaction mixture was

centrifuged at 2000 rpm for 15 min and then washed three
times with DI water and acetone, thereafter dried overnight
at 60 °C in a hot air oven.

Preparation of hemin/TNT/GCE

The hemin/TNT nanocomposites modified electrode was fab-
ricated by the following procedure. The surface of GCE was
first cleaned mechanically by polishing with alumina (0.5 μm
powder) and thoroughly rinsed with DI water, followed by
washing with 1:1 v/v ratio of nitric acid and eventually with
DI water, dried at room temperature. About 1 mg of hemin/
TNT nanocomposites was dispersed in 1 mL of ethanol and
sonicated for 10 min. The colloidal suspension of hemin/TNT
(5 μL) was drop casted onto the surface of GCE and allowed
to dry at room temperature. The schematic diagram represents
the surface modification process and electrochemical oxida-
tion of nitrite corresponding to hemin/TNT/GCE.

Results and discussion

TNT is flexible to be prepared straightforwardly from natural
resources and the resultant nanostructure possesses high sur-
face area, good thermal and chemical stability. Since TNTcan
be prepared easily, the production cost is economical. Due to
high surface area possessed by the TNT nanostructure, the
electrochemical reaction kinetics will be good and owing to
this reason, we prepared TNT from kenaf fibers for electro-
chemical sensing of nitrites.

Electrochemical behavior of the hemin/TNT modified
electrodes

CVinvestigation of hemin/TNTmodified GCEwas examined
utilizing potassium ferricyanide as an electrochemical probe.
Figure 1a shows the CV curves of a) bare GCE, b) TNT/GCE,
and c) hemin/TNT/GCE with 10 mMK3[Fe(CN)6]

3−/4-having
0.1 M KCl at a scan speed of 50 mV⋅s−1 at different modified
electrodes.

The CVof the modified electrodes depicted a pair of well-
defined redox peaks representing K3[Fe(CN)6]

3−/4- redox cou-
ple. Furthermore, the modified electrodes had more peak cur-
rent and minimizing of peak separation was compared to bare
GCE. The peak potential separation at the modified electrode
lowered compared to bare GCE stating that the hemin/TNT
significantly enhances the electron transfer process because of
the increment in the surface area to volume ratio. The peak
potential separation was calculated for the single electron
transfer of Fe3+/Fe2+ redox reaction at hemin/TNT modified
electrode (ΔEp = 68 mV) which is 29 mV lower than that of
bare GCE (ΔEp = 97 mV) is due to the negatively charged
surface modified hemin/TNT, which repel the electron transfer
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reaction. On the other hand, significant enhancement in peak
current value was noted in which the electron transfer of the
probe is due to the hemin/TNT catalysis. It is inferred that the
hemin/TNT system favors the electron transfer rate of the re-
dox probe.

Electrochemical impedance spectroscopy (EIS)

Electrochemical behavior of hemin/TNT/GCE was inves-
tigated by EIS in 10 mM [K3Fe(CN)6]

3−/4- containing
0.1 M KCl as supporting electrolyte in the frequency
range of 0.1 Hz to 100 kHz with applying of 5 mV of
AC signal amplitude. The semicircular portions of
Nyquist plot at higher frequencies represent the electron
transfer limited process and its diameter is equivalent to
the electron transfer resistance (Rct), which reflects elec-
tron transfer kinetics of redox probe on electrode-solution
interface. Moreover, the linear part of Nyquist plot at low
frequency corresponds to diffusion process and the semi-
circle diameter is equivalent to the charge transfer resis-
tance (Rct). From the Fig. 1b, displays the Nyquist plots
for a) bare GCE that exhibits a straight line indicating the
diffusion limited process whereas the hemin/TNT/GCE
shows a small semi-circle in the high frequency region
(curve b) is due to an interfacial electron transfer resis-
tance (Rct). The hemin/TNT exhibits an interfacial elec-
tron transfer resistance of 20 KΩ which hinder the elec-
tron transfer rate of K3[Fe(CN)6]

3−/4-. These results imply
that hemin/TNT nanocomposites are successfully
immobilized on GCE surface.

Electrocatalytic oxidation of nitrite at hemin/TNT
modified GCE

The modified GCE was used for the electrochemical ox-
idation of nitrite in phosphate buffer (pH 7.0; containiing
0.1 M KCl). The CV behavior of nitrite on a) bare GCE,
b) 3.3 × 10-4 M of nitrite on bare GCE, c) hemin/TNT
modified GCE, and d) hemin/TNT in the presence of 3.3

× 10-4 M with buffer (pH 7.0) at a scan rate of 50 mV⋅s−1

as display in Fig. 2. A poor anodic oxidation peak was
observed with an oxidation peak potential of + 0.75 V vs.
Ag/AgCl whereas in the case of hemin/TNT/GCE a slight
shifting of peak position was observed with a several fold
enhanced oxidation peak current value than the bare GCE.
The oxidation peak current values increase with increas-
ing the concentration of nitrite in the linear range from
0.6 × 10−4 M to 7.3 × 10−3 M as indicated in Fig. 3a. The
linear regression equation of Ip = 23.6335 C (mM) –
2.1862 with corresponding to a correlation coefficient of
0.9990 was attained as displayed in Fig. 3b.

Optimization of method

The following parameters such as (a) Buffer pH value; (b)
Scan rate were optimized and its respective data and fig-
ures (Fig. S3 and Fig. S4) are given in the supporting

Fig. 2 Cyclic voltammograms of a) bare GCE, b) 3.3 × 10−4 M of nitrite
on GCE, c) hemin/TNT modified bare GCE, and d) hemin/TNT/GCE in
presence of 3.3 × 10−4 M with buffer (pH 7.0) of nitrite at scan rate of
50 mV∙s−1 in 0.1 M buffer (pH 7.0) (d)

Fig. 1 a CVof a) bare GCE, b)
TNT/GCE and, c) hemin/TNT/
GCE in the presence of 10 mM
[Fe(CN)6]

3−/4 containing 0.1 M
KCl at a scan rate of 50 mV·s−1. b
Nyquist plots of a) bare GCE, and
b) hemin/TNT/GCE in the
presence of 10 mM [Fe(CN)6]

3−/4

containing 0.1 M KCl as the
supporting electrolyte. AC
Amplitude: 5 mV; Frequency
range: 0.01 Hz to 100 kHz. Inset
is the Randles circuit
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information. The following experimental conditions were
found to give best results: (a) Optimum buffer pH value:
pH = 7.0; (b) Optimum scan rate: 50 mV.s−1. Furthermore,
the electrocatalytic oxidation of nitrite at the modified
GCE exhibits that 2 electrons participate in the transfer
process and is also discussed in the (supporting
information).

Chronoamperometry studies

Chronoamperometry study was followed to find out the dif-
fusion coefficient of nitrite oxidative process at hemin/TNT/
GCE. Figure S5A displays the current-time relationships of

hemin/TNT/GCE were attained by setting the working elec-
trode potential of + 0.75 V vs. Ag/AgCl for nitrite at various
concentrations of 0.05 to 0.2 mM in buffer (pH 7.0). To esti-
mate, the diffusion coefficient (D) of hemin/TNT/GCE, the
linear plot of Ip versus t

-1/2 was achieved by the comparison
of a) to e) that results in straight lines as shown in Fig. S5B.
The plot of slope vs.conc. of nitrite (mM) as shown in Fig.
S5C.

The diffusion coefficient and catalytic rate constant val-
ue of nitrite and their values were calculated to be 2.30 ×
10−6 cm2.s−1, 5.51 × 104 cm3.mol−1.s−1 at corresponding to
hemin /TNT/GCE was d i scus s ed in Suppo r t i ng
Information.

Fig. 3 Cyclic voltammograms of
hemin/TNT/GCE with phosphate
buffer (pH 7.0; containing 0.1 M
KCl) for different concentrations
ranging from 0.6 × 10−4 to 7.3 ×
10−3 M of nitrite at a scan rate
50 mV∙s−1 (a). Calibration plot of
electrocatalytic peak current (Ipa)
vs. conc. of nitrite (b)

Fig. 4 DPVof hemin/TNT mod-
ified GCE in different concentra-
tions of (0.6 × 10−6 M to 7.3 ×
10−5 M) nitrite in buffer (pH 7.0)
(a). Calibration plot of Ipa vs.
conc. of nitrite (b). Amperometric
response of hemin/TNT/GCE at
an applied potential + 0.75 V
subsequent addition of different
concentrations ranges of (0.6 ×
10−6 M to 13.3 × 10−5 M nitrite in
buffer (pH 7.0) (c). Calibration
plot of Ip vs. conc. of nitrite (d)
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Electrochemical detection of nitrite

DPV method was employed to study the electrochemical
detection of nitrite based on hemin/TNT/GCE as shown in
Fig. 4a. It’s more sensitive which eliminates the unwanted
residual and charging currents. The electrochemical oxi-
dation of nitrite was shown in the form of peak shaped
different pulse voltammogram. Under the optimized ex-
perimental conditions, the oxidation peak current en-
hanced linearly with the increasing concentration of nitrite
in the presence of buffer (pH 7.0). The peak currents were
linearly proportional to nitrite concentrations in the range
of 0.6 × 10−6 M to 7.3 × 10−5 M and the linear regression
equation of Ip(μM) = 1.6265 C (μM) - 0.2519 was accom-
plished with a correlation coefficient of 0.9989 as shown
in Fig. 4b. The detection limit value (3σ/slope where σ =
standard deviation) was found to be 84 nM at a signal to
noise (S/N) ratio of 3. The prepared electrode shows good
electrochemical sensitivity of 54.21 μA∙μM−1∙cm−2. The
lowest LOD received with the present sensor, as com-
pared to other reported methods (Table 1) evidenced that

the modified GCE provided a good platform for the ef-
fective recognition of nitrite in water samples at low con-
centration ranges.

Amperometric studies

Amperometry strategy was utilized to measure the response of
current for each addition of nitrite at different response time
under hydrodynamic condition. A typical steady-state catalyt-
ic current-time response of hemin/TNT/GCEwas investigated
under constant stirring for step-wise injection of nitrite con-
centrations into the buffer (pH 7.0) and the applied potential
was fixed at + 0.75 V vs. Ag/AgCl. Each addition of nitrite at
50 s intervals results a drastic raise in current response and
then steady-state current value was reached within 5 s. Such as
fast current response implies that the hemin/TNT/GCE effi-
ciently promoted the oxidation of nitrite, is suitable for the real
sample analysis. The (i-t) current response for the electro-
chemical oxidation of nitrite with different increment of nitrite
concentration. The amperometric response was found to in-
crease linearly with raise in the concentration ranges of 0.6 ×

Table 1 Comparative analysis on nitrite by analytical strategies

aElectrode Method Applied potential LDR (μmolL−1) R2 LOD (μmolL−1) Ref.

PEDOT/(CNCC/PDDA)/ GCE AMP + 0.8 0.2 – 1.730 0.9984 0.057 [18]

PEDOT/AuNCs AMP + 0.8 0.5 – 2600 0.997 0.017 [19]

PAOA/GCE AMP – 5 – 2000 0.9988 2 [7]

PANI-MoS2/GCE AMP + 0.9 4 – 4834 0.993 1 [23]

SiC Whisker electrode AMP + 0.8 5 × 10−5 – 5 × 10−5 0.9978 3.5 [5]

AgNPs/MWCNTs/GCE DPV – 0 – 1 0.999 0.095 [42]

SNPs/CPZ/Nf/GCE DPV – 20 – 120 0.9722 7 [43]

PtMWCNTs/GCE AMP + 0.8 4.0 × 10−6 - 2.4 × 10−5 0.9994 1.5 [44]

ACNTs/GCE DPV – 3.0 – 5.0 0.997 1.12 [45]

PtNWNs/GCE AMP + 0.7 1 – 25 0.9927 0.14 [46]

PEDOT/PAS AMP + 0.80 0.3 – 6594 0.9993 0.098 [25]

CoNS/GO/PPy/GCE AMP + 0.80 0.001 – 3.167 0.998 0.0147 [26]

nHAp-PEDOT/GCE AMP + 0.78 0.25 – 1045 0.9997 83 [27]

TiO2/hemin/GCE AMP + 0.75 0.6 × 10−6 – 13.3 × 10−5 0.9983 0.059 This work

PEDOT/(CNCC/PDDA) - carboxylated nanocrystalline cellulose and poly (diallyl dimethyl ammonium) ions in a poly (3,4-ethlenedioxythiophene)

PEDOT/AuNCs - Gold nanoclusters doped poly (3,4-ethylenedioxythiophene) for highly sensitive electrochemical sensing of nitrite

PAOA/GCE - poly(aniline-co-o-aminophenol)-modified glassy carbon electrode

SiC - Silicon carbide and ACNT - Aligned carbon nanotubes

AgNPs/MWCNTs - Ag nanoparticles decorated multi walled carbon nanotubes

SNPs/CPZ/Nf - Silica nanoparticles / Chloropromazine /Nafion nanocomposites

PANI-MoS2- polyaniline/molybdenum sulfide nanocomposite

PtMWCNTs - Platinum modified multiwalled carbon nanotubes

PtNWNs/GCE – Platinum nanowire network

PEDOT/PAS – poly(3,4-ethylenedioxythiophene)/polyacenic semiconductor

CoNS/GO/PPy/GCE – cobalt nanostructure/graphene oxide/polypyrrole

nHAp-PEDOT/GCE – nano-sized hydroxyapatite/poly(poly(3,4-ethylenedioxythiophene)
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10−6 M to 13× 10−5 M of nitrite as shown in Fig. 4c. From the
Fig. 4d, the linear regression equation is Ip (μM) = 0.5694 C
(μM) + 0.2077 was accomplished with a correlation coeffi-
cient of 0.9973. The LOD was found to be 59 nM based on
a ratio of signal-to-noise with the electrochemical sensitivity
of 18.98 μA∙μM−1∙cm−2. The lowest LOD was procured with
the present sensor when compared with other electrochemical
sensors reported in the literature as shown in Table 1. From the
table, the results evidently confirmed that the hemin/TNT/
GCE can be used for the detection of nitrite in low concentra-
tion with improved sensitivity and fast response time.

Reproducibility, repeatability and interference

The repeatability of hemin/TNT/GCE in the determination of
nitrite was investigated by performing five different electrode
determined in same nitrite concentrations. The relative stan-
dard deviation (RSD) for the electrode response towards 3.3 ×
10−6 M of nitrite was 1.74 %. To estimate the reproducibility
of the response, a nitrite sensor, five electrodes were prepared

of the same group and they were evaluated by performing the
detection of 3.3 × 10−6 M of nitrite solution. The relative stan-
dard deviation (RSD) for the response of electrodes was below
3 %. These results showed the repeatability and reproducibil-
ity of the sensor for the detection of nitrite ion is in acceptable
range. In addition, the storage stability of the prepared sensor
was evaluated. For determination of 3.3 × 10−6 M of nitrite,
there were no major decreases in the current response for the
first 10 days. After that 5% decrease in current response was
noted after storing for month duration. About 90 % current
response is retained after 60 to 70 days. Hence, the long-term
storage stability of the considered electrode was good enough
for continuous operation.

The effect of interfering species on the determination of
6.6 × 10−6 M nitrite was examined by adding different inter-
fering compounds into the electrochemical system using the
common acid radical ions such as NaH2PO4, Na2SO3, sodium
nitrate and NH4F shows that only the spiking of nitrite gener-
ate current response and the others failed to induce the current
signal at 100 times higher concentrations than that of nitrite
(Fig. 5). Furthermore, Some redox active substance including
biological molecules, polyphenols and flavonoids such as do-
pamine, folic acid, ascorbic acid, catechol, ellagic acid, quer-
cetin, rutin, eugenol, caffeic acid and acetaminophen pro-
duced almost no interference at a 50-fold concentrations. We
also investigated the influences of some environmental pollut-
ants and saccharides such as hydrazine, H2O2, phenyl hydra-
zine, sucrose, glucose (30-fold concentrations relative to ni-
trite), did not disturb the current signal of nitrite and almost
same magnitudes of current response were reproduced. From
the above results it is inferred that the prepared sensor showed
an excellent long-term storage stability and interference for

Table 2 Determination of nitrite in water samples (n = 3)

Sample Added (μM) Found (μM) Recovery (%) RSD (%)

Tape water 1 0.97 ± 0.08 97 0.9

3 2.95 ± 0.25 98.3 1.5

5 5.05 ± 0.47 101 2.6

Lake water 2 1.96 ± 0.19 98 1.4

4 4.03 ± 0.32 100.7 2.5

8 8.2 ± 1.08 102.5 3.0

Fig. 5 Amperometric response of TNT/hemin/GCE upon successive addition of 6.6 ×10-6 M of nitrite and other interfering chemicals to 0.1 M buffer
(pH 7.0) under hydrodynamic condition at the applied potential of + 0.75 V for modified GCE
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the successful utilization of electrochemical determination of
nitrite in water samples.

Real sample analysis

In order to investigate the practical application of the prepared
system, the hemin/TNT/GCE based electrochemical sensor
was applied to analyze nitrite levels in real sample like tap
and lake water. The samples consisting of different concentra-
tions of spiked nitrite were quantitatively analyzed using a
standard addition method. The real samples were filtered
using a 0.2 μm filter to remove unwanted micron sized parti-
cles. The results showed that the prepared electrode was high-
ly selective and sensitive to nitrite. The procured results yield
a good recovery in tap and lake water which were observed as
101%, and 102.4% for the 5 μM nitrite samples spiked, re-
spectively as shown in Table 2.

The RSD values for the tested real samples were less than
3% and they were within the acceptable range. These conse-
quences indicate that the prepared sensor showed an excellent
determination of nitrites in real samples such as tape and lake
waters.

Conclusion

A stable hemin functionalized titanium oxide nanotube based
device was fabricated for the electrochemical detection of ni-
trite at pH 7.0. Here, we have prepared a hemin functionalized
TNT exhibiting an enhanced oxidation peak current and CV
results shows that they have good sensitivity towards nitrite
ion. The TNT based nitrite sensors showed a high sensitivity
and rapid response at room temperature than other electro-
chemical sensors reported in the literature. A novel and effec-
tive electrochemical sensing platform based on hemin/TNT
modified GCE for sensitive and selective detection of NO2

−

by DPV and amperometry methods was accomplished. The
novel device exhibited excellent electrochemical properties
like low detection limit, good reproducibility and high stabil-
ity towards the oxidation of nitrite. The present electrochem-
ical sensing platform can be applied to monitor the level of
nitrite in various water sources.
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