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S¥nthesis of Nitrogen-Enriched 3D Graphene Foam for Electrochemical Sensing
of Hydrogen Peroxide (H202)

Abstract

In this work, A simple hydrothermal process was utilized to create 3D-foam-type Nitrogen-doped
graphene (NDG). The synthesized material was characterized using a range of physicochemical
characterization techniques. These techniques confirm that nitrogen is successfully incorporated into the
carbon network, resulting in NDG. Cyclic voltammetry (CV) investigation demonstrated that NDG-modified
glassy carbon electrode (NDG/GCE) displayed finite charge transfer properties against typical redox
systems. NDG/GCE is identified as a simple, facile, and efficient electrocatalyst material for the
estimation of hydrogen peroxide (H202). From CV analysis, it is revealed that NDG/GCE can produce a

signal for electrochemical quantification of H202 at an applied overpotential of -0.15 V. The GCE and GO/
GCE were unable to respond to the estimation of H202. However, NDG/GCE exhibited finite sensitivity and

linearity for a concentration range of 0.5 pM to 16 pM. This was examined using amperometric protocols,
where the detection limit and observed sensitivity for NDG/GCE are 0.3 uM and 0.34 pA/uM respectively.
The selectivity study has further revealed that the electrode can produce a signal selectively towards
H202 in the presence of other possible foreign molecules. In conclusion, the electrode is determined to be

stable for 15 days concerning the electrochemical estimation of H202 with the aid of stability
investigations
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Abstract

In this work, A simple hydrothermal process was utilized to create 3D-foam-type Nitrogen-doped graphene (NDG).
The synthesized material was characterized using a range of physicochemical characterization techniques. These
techniques confirm that nitrogen is successfully incorporated into the carbon network, resulting in NDG. Cyclic vol-
tammetry (CV) investigation demonstrated that NDG-modified glassy carbon electrode (NDG/GCE) displayed finite
charge transfer properties against typical redox systems. NDG/GCE is identified as a simple, facile, and efficient
electrocatalyst material for the estimation of hydrogen peroxide (H,O,). From CV analysis, it is revealed that NDG/GCE
can produce a signal for electrochemical quantification of H,O, at an applied overpotential of —0.15 V. The GCE and
GO/GCE were unable to respond to the estimation of H,0,. However, NDG/GCE exhibited finite sensitivity and
linearity for a concentration range of 0.5 pM—16 pM. This was examined using amperometric protocols, where the
detection limit and observed sensitivity for NDG/GCE are 0.3 pM and 0.34 pA/pM respectively. The selectivity study
has further revealed that the electrode can produce a signal selectively towards H,0, in the presence of other possible
foreign molecules. In conclusion, the electrode is determined to be stable for 15 days concerning the electrochemical
estimation of H,O, with the aid of stability investigations.
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1. Introduction properties, the role of graphene has become inevi-
table in numerous sectors of research [7]. So far,

raphene, one of the allotropic forms of car- there are a plethora of procedures developed for
bon, consists of orderly arranged sp” hybrid-  the preparation of graphene, including chemical
ized carbon atoms. The carbon atoms are formed as  vapour deposition (CVD) [8], exfoliation of graphite

a monolayer and exist as a honeycomb structure. ~ [7], solvothermal synthesis [10], and reduction of
Since its discovery in 2004, graphene has gained ~ 8raphene oxide (GO) [11]. Among these proposed
attention for its outstanding properties: large sur- ~ methods, the thermal route provides the foremost

advantages as follows. It is a modern, rapid tech-
nique that eliminates the use of toxic solvents. As a
result, the final product will not be contaminated

face area, strong Young's modulus, high thermal
and electrical conductivity, and optical trans-
parency [1—6]. Because of these fascinating
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[12]. In addition, the functionalization of graphene
with suitable foreign materials is quite interesting
to improve its electrocatalytic activity. In this re-
gard, graphene is functionalised with various other
materials like polymers, metal nanoparticles and
heteroatoms like nitrogen, sulphur, oxygen etc.
[13—15], and they have been identified as successful
candidates in several uses that include electro-
chemical sensors, electronic devices, energy con-
version/storage systems and electro catalysis,
among others etc [16]. Particularly the nitrogen
element as ideal dopant for carbon-based materials,
because nitrogen have close atomic radius (0.7 A)
similar to carbon atom (0.77 A) and higher electro-
negativity than carbon. These properties enhance
the charge carrier mobility and create more elec-
troactive sites in the NDG catalyst material at
interface for superior electrochemical performance.

Hydrogen peroxide is used as an oxidizing agent
in many reactions and is found as one of the by-
products of a lot of oxidase enzymes. The role of the
molecules is inevitable in various sectors like tex-
tiles, food industries, and so on [17,18]. It also reg-
ulates various biological processes, including
immune cell activation and root growth in organ-
isms. Since H,0O, is involved in cellular growth and
apoptosis, it is one of the important chemicals in
biological processes [19]. On the other hand, the
transportation and storage of H,O; in large excess is
found to a risky, which limits its applications [20].
With the help of H,O, and its derivatives, which are
rich in reactive primary oxygen groups like super-
oxide radical (O3) and hydroxyl radical (OH®).
Further they identified as the by-products of aero-
bic metabolism in the human system. Their level
increases in the human system under stress.
Therefore, maintaining the level of H,O, is highly
crucial in the human system [21—23]. The failure of
this leads to several health risks like cancer, Par-
kinson's and Alzheimer's disease etc [24,25]. Hence,
a lot of attention is being paid for synthesising
efficient, reliable, highly sensitive, economical and
stable catalysts and sensors for accurate quantifi-
cation of H,O, In this regard, several analytical
protocols like spectroscopy [26], chromatography
[27], and colorimetry [28] etc., were reported for the
successful estimation of H,O, However, the role of
electrochemical tools is highly appreciated in this
regard. Because, this is associated with better
selectivity, improved sensitivity etc. In addition to
that, it also favours the on-spot determination of
analytes. However, a large overpotential is required
for the electrochemical measurement of H,O, at a
bare electrode due to the slow kinetics [21]. As a
result, much effort has been required to design

appropriate electrocatalysts for the estimation of
H,0,. In order to address the limitations of bare
electrodes and improve charge transfer kinetics
at the electrode-electrolyte interface, enzyme-
dependent electrocatalysts have been introduced
[29]. Despite the selectivity, the enzymatic elec-
trodes are associated with certain disadvantages,
including their cost, reduced lifetime, poor stability
and tedious immobilization methods. Further, the
method is complicated and pH and temperature
dependent [21]. Furthermore, several non-
enzymatic catalysts are found to be useful for the
electrochemical analysis of H,O,. Nevertheless,
among many other sensing methods, a reagent less
and non-enzymatic metal free electrochemical
method for the measurement of H,O, is a still
challenge for practical applications to achieve
promising electrochemical performance [30].

In this sense, the goal of this work is to design an
electrocatalyst for accurate quantification of H,O,.
It is inferred from the available literature that
there are only a limited number of reports avail-
able on 3D-foam-type NDG/GCE. Due to this
reason, foam-type NDG is prepared using a hy-
drothermal route and owing to its finite electrical
conductivity, large surface area, high sensitivity,
long term stability and excellent binding ability
[31]. Therefore, herein we proposed the use of cost
effective and highly efficient NDG catalyst mate-
rial for the accurate determination of H,O,. The
resulted electrode showed enhanced electro-
catalytic activity with a minimal interference from
possible other electroactive species with a finite
selectivity and sensitivity. The investigation re-
ported in this work can be considered an impor-
tant element of novelty.

2. Materials and methods

2.1. Chemicals and reagents

From Sigma-Aldrich or Merck, the chemicals,
including Graphite, nitric acid, sulfuric acid, so-
dium nitrate, potassium permanganate, Hexa-
methylenetetramine (HMTA), hydrochloric acid
(HC1) Potassium Nitrate (KNO;), and Hydrogen
Peroxide (H,0O,), and urea were procured. All the
materials are received as such and utilized for
conducting the various experiments. Phosphate
buffer solution (PBS) with a pH of 7.0 is prepared
using Na,HPO, and NaH,PO,. At around 30 °C,
ambient temperature is used for all electrochemical
tests. DI water, which has a resistivity of
18.2 MQ cm, is utilized as the electrolyte throughout
the experiment.



652 B. Dronavalli et al. / Karbala International Journal of Modern Science 11 (2025) 650—659

2.2. Preparation of graphene oxide (GO)

Hummers' method is used to prepare GO [32].In a
nutshell, 50 mL of H,SO,4 and 2.0 g of graphite were
combined in a reagent bottle and agitated briskly
under ice-cold conditions. Following the addition of
2.0 g of NaNOj and 6.0 g of KMnOy, to the mixture,
the temperature was progressively raised to 35 °C,
where the reaction was sustained for a whole day.
Consequently, this mixture was diluted using 80 mL
DI water and increased to 50 °C. Later 20 ml of H,O,
was slowly added to this solution. Finally, the
resulting material was toughly eroded with DI up to
attain to neutral solution state. This resulting mate-
rial was vacuum dried at 60 °C for one day and
designated as a GO, which was dispersed in
deionized water. To achieve the complete dispersion
of the solution, it was sonicated for 60 min.

2.3. Synthesis of 3D-foam nitrogen doped graphene (3D-
NDG)

The 3D-foam NDG was synthesized as follows:
initially, 4.0 g of HMTA, 6.0 g of GO, and 10 ml of
ultrapure water were placed in a 30 ml stainless steel
autoclave, which was closed tightly. Further, the
autoclave was kept in a box furnace and heated to
450 °C for 24 h (with an increase rate of 15 °C/min)
and maintained till the solution attained the desired
temperature. After 24 h, it was cooled to room tem-
perature. After filtering, the resultant material is
thoroughly cleaned three times using H,O and
C,H5OH. It is then dried for 2 h at 60 °C in a vacuum
oven.

2.4. Electrochemical characterization

An Auto Lab electrochemical interface and
Impedance analyser were used with a conventional
three-electrode system to perform all electro-
chemical experiments. Pt, Ag/AgCl (3 M KCl), and
modified GCE (0.07 cm?) are used as the working,
counter, and reference electrodes, respectively. To
prepare the working electrode (NDG/GCE), firstly,
GCE was mirror polished in turn using 0.3, 0.2, and
0.05 pm alumina powders. This was done after
completely washing with Milli-Q water and soni-
cating in DI water for 5 min. To ensure uniform
dispersion, an additional 1 mg of synthesized NDG
was added to DMF (1 mg/mL). It was gently soni-
cated. NDG/GCE was then obtained by drop-
casting 5 pL of this suspension onto the GCE and
letting it air dry to eliminate the solvent. Under the
same experimental setup, basic GCE and GO/GCE
were created for comparison. Before starting any

experiment, argon gas is used to deaerate the re-
action mixture.

2.5. Physico-chemical characterization techniques

The Contact angle analysis was carried out with
the AST-made VCA Optima XE model, USA.
Thermogravimetric analysis (TGA) studies are
examined with the model SDT Q600 V8.3 Build
101. The as-synthesised material's surface and
morphological characteristics were investigated
Using a TESCAN-VEGA3 scanning electron mi-
croscope (SEM). A 200 kV Tecnai G20 microscope
is used for high-resolution transmission electron
microscopy (HR-TEM) examination. Renishaw
Invia Raman Microscope, UK, with 18 mW in-
tensity, was employed to carry out the Laser
Raman analysis. FT-IR spectra in the transmittance
mode were recorded of the synthesised materials
using FT-IR spectroscopy (Make: Thermo Electron
Corporation; Model: Nexus 670). Through Ni-
filtered Cu Ko radiation (A = 0.15406 nm), the
produced materials were subjected to X-ray
diffraction (XRD) investigation using a Philips
PAN analytical PRO X-ray diffractometer. With a
counting period of 15 s per 0.1 and a narrow
receiving slit (0.5°), the XRD patterns were ac-
quired using a step-scanning mode. X-ray photo-
electron spectroscopy (XPS) analyses were
conducted using a Thermo Scientific (UK) Multilab
2000 XPS instrument. A 200 W power Mg Ka X-ray
(1253.6 eV) was employed as the exciting source,
and data were collected using a 10-eV energy pass.
107" mbar of vacuum was maintained throughout
the experiment. Using the Lorentzian mix product
function and Gaussian and Lorentzian background
curves, the experimental data were fitted.

3. Results and discussion

3.1. Contact angle measurements

To understand the wettability of synthesised
NDG;, it was spread on a glass substrate and contact
angle measurements were recorded. For the
experiment, a fine water droplet of 2 pL. was drop-
ped on the surface of NDG, and the syringe was
carefully removed from the droplet without any
disturbance. The image of the droplet was taken
within 60 s using the camera fitted in the device,
which was provided in Fig. 1. The measured
average contact angle was 130.4°. From the image, it
can clearly be understood that NDG was hydro-
phobic rather than hydrophilic after the 60s it has
shown a hydrophilic nature.
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3.2. Thermogravimetric analysis

Further, TGA has been carried out to understand
the thermal stability of NDG. It was compared
with the thermogravimetric profile of graphite.
Fig. 2 illustrates the decomposition of graphite,
which began at 400 °C and ended at 700 °C. In the
case of NDG, the starting decomposition temper-
ature was around 600 °C, and it was completely
decomposed at around >800 °C. The TGA analysis
confirms that the resulted NDG material have
finite thermal stability after nitrogen doping than
graphite.

3.3. Surface morphological studies

To illustrate the surface morphology of NDG,
SEM and HR-TEM analysis were carried out and
they are shown in Fig. 3. The image reveals wrin-
kled, disordered, foam type of morphology. It was
inferred as one of the physical characteristics of
NDG [15]. This results from stronger van der Waals
interactions after O2-containing functional groups
are removed via the hydrothermal method.

3.4. FT-IR spectroscopic studies

The different functional groups were examined
using FT-IR spectroscopic technique. As evidenced
in Fig. 4, the band obtained at 2982 cm ' is due to
the -C-H vibration of NDG. In addition to a peak
that appeared around 1615 cm ™" strongly implying
the carbonyl group (-C=O) vibration, which per-
sists at NDG corners. The band observed at
1415 cm ' strongly corresponds stretching vibration
of the -C=C- bond [15]. In general, the -C=0 group
is quickly decreased during heating via the hydro-
thermal route at higher temperatures; however,
NDG exhibits a weak reaction from the -OH group.
The peaks that appeared around 1230 cm ™' strongly
correspond to the -CN function group in the

Fig. 1. Contact angle image of NDG on glass substrate.

Weight (%)

a - Graphite
b -NDG

150 300 450 600 750 900
Temparature (°C)

Fig. 2. TGA thermogram of (a) Graphite and (b) NDG.

resulting 3D-NDG material. The band observed at
3437 cm ' is attributed to —N=H stretching
vibrations.

3.5. Raman spectroscopic analysis

This technique is extensively utilized to This
technique is extensively utilized to examine the
saturated and unsaturated nature of carbon and its
associated materials. Fig. 5 displays the Raman
spectra of NDG using graphite materials. It can be
seen that two prominent peaks, corresponding to
the D and G bands, emerged at 1350 cm~! and
1593 cm ™! respectively. These appear due to the
presence of carbon materials. These bands are
assigned, respectively, to the breathing mode of k-
point phonons of A;; symmetry and the E; phonon
of graphitic carbon. The computed Ip/Ig ratio in-
creases from 0.8 to 1.5 in Fig. 5, owing to the for-
mation of smaller graphitic (sp®) domains and the
addition of nitrogen to the carbon network. Eq. (1)
was utilized to determine the crystallite size by
utilizing the D/G ratio [33].

1
L,= (24 X 10_10)A?user (ID/Ig> (l)

Where, L, - Crystallite size in nm, A - wavelength in
nm. The calculated sizes of GO and NDG materials as
20.1 and 11.4 nm, respectively, which indicates the
reduction in the crystallite size after the doping of the
Nitrogen element into the carbon network.

3.6. X-ray diffraction (XRD) analysis

Further a non-destructive powerful X-ray
diffraction (XRD) technique is used to examine the
crystallinity behavious of synthesized materials.
The XRD spectrum of synthesised NDG materials is
shown in Fig. 6. It showed that a strong diffraction
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Looitennl

SEM HV: 15 kv
4 S pm

View

WO: 6.04 mm
Det: SE

View field: 25.4 pm

Fig. 3. a & b SEM image of 3D foam of NDG. ¢ & d showed the HR-TEM image of 3D foam of NDG.

peak observed at a 20 value of 26.9 corresponds to
the crystalline nature of the NDG (002) plane. In
addition to this, the small peak found at the 26
value of 55.02 strongly signifies the (110) plane. The
appearance of these diffraction peaks indicates
good crystallinity of the material. The interlayer
distance of the NDG material was calculated using
Braggs equation [Eq. (2)] [34]. In this equation, the
interlayer spacing, diffraction angle, order of
reflection, and wavelength of the incident X-ray
radiation (1.54 A) are denoted by dd, 6, n, and A
lambda, respectively. The interlayer distance of the
NDG material was calculated to be roughly 3.9 A
using this relation.

Transmittance (%)

1615

600 1200 1800 2400 3000 3600
Wavelenth (cm'1)

Fig. 4. FT-IR spectra of synthesized NDG material.

A=2dsin(0)/n (2)

3.7. XPS analysis

Further, the resulted NDG materials was charac-
terized by using XPS technique to examine the
presence and nature of the N atom in NDG, as
shown in Fig. 7. Fig. 7a demonstrate the different
composition of carbon atoms in different functional
groups are fitted. The —C—N-, —C—O—, and
—C—C— bonding states were identified as the cau-
ses of the fitted peaks that were seen at 288.7 eV,

D a - Graphite

b - 3D-NDG
3
s
2
7]
c
Q
-
£

U U U
500 1000 1500 2000 2500

Wavenumber (cm'1)

Fig. 5. Laser Raman spectra of (a) Graphite and (b) NDG material.
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A

Fig. 6. X-ray diffraction spectra of NDG material.

285.7 eV, and 284.4 eV, respectively. The deconvo-
lution of N1s spectra is fitted into three major peaks
observed at 397.9, 398.9, and 400.9 eV, strongly
corresponding The pyridinic-N, pyrrolic-N, and
quaternary-N species found in the synthesized
NDG material were identified as the cause of these
peaks. The XPS analysis clearly confirms that ni-
trogen atom is successfully doped into the carbon
network of NDG.

3.8. Electrochemical analysis

Further electrocatalytic property of the synthe-
sized NDG material is examined with the standard
outer sphere redox couple. Fig. 8 compares The cy-
clic voltammetry (CV) profiles of unmodified GCE
and NDG/GCE in 5 mM [Fe(CN)4] 3/* are shown in
Fig. 8. Ata 20 mV s ! scan rate, the bare GCE (curve
a) displays well-resolved oxidation and reduction
peaks with a peak potential difference (AEp) of
110 mV. From this analysis, the diffusion coefficient
was calculated as 1 x 10" * cm? s~ " with the help of
the following well-known Randles—Sevcik equation

(Eq. (3)).

655

i, = (2.69 x 10°)n*2AcD"/?v'/? (3)

Where, i -Peak current; A-Area of the electrode;
C- Concentration of solution used; D-Diffusion co-
efficient; v-Scan rate; n-Number of electrons
transferred in the reaction. NDG/GCE (curve b) on
the other hand, showed higher redox activity than
bare GCE, suggesting that the addition of nitrogen
improved the electrochemical action of graphene
sheets. It can show the AE, as 90 mV along with
enhanced redox peak currents. In addition to that,
the diffusion coefficient value was also improved to
4.6 x 10* cm” s~'. However, the capacitive loop is
larger when compared to bare GCE. This outcome
is consistent with earlier studies [15].

3.9. Electrocatalytic estimation of HyO, using NDG/GCE

A further NDG material is explored towards the
electrocatalytic application due to its finite thermal

40 4

N
o o
1 1

Current (pA)

)
=)
1

-40 ~ b - NDG/GCE

0.6

0f2 0:4
Potential (V vs Ag/AgCl)

0.8

Fig. 8. Shows CV responses of (a) GCE and (b) NDG/GCE in 5 mM of
each [Fe (CN)4I*"* containing 0.1 M KNO; at a scan rate of 20 mVs ™.

Intensity (a.u)

Intensity (a.u)

284 286 288 290
Binding Energy (eV)

282

399 402 405 408

Binding Energy (eV)

Fig. 7. Showed the high resolution deconvoluted XPS spectra of the (a) Cls (b) N1s spectrum of the synthesized NDG.
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and electrical conductivity properties. The CV
studies of these electrodes are shown in Fig. 9.
Whereas bare GCE and GO/GCE (curve a & curve
b) in PBS having 1.5 mM H,O, don't exhibit any
significant peak for H,O, reduction, which confirms
the lack of electrocatalytic activity due to sluggish
electrode kinetics. However, in the case of NDG/
GCE (curve c), a reduction peak was observed at an
applied overpotential of —0.15 V towards the elec-
trochemical determination of H,O,. This observa-
tion strongly suggests that NDG possesses faster
electron transfer kinetics at the interface and
improved catalytic behaviour toward H,O, reduc-
tion. Usually, Nitrogen-doped materials have more
surface area than undoped graphene materials,
which will be echoed in their electrocatalytic
behaviour. NDG can afford several active sites due
to the defects in it. In addition to that, the disorder
and expanded interlayer spacing are found to be
effective in trapping the active materials. These
features favour the improved electrochemical per-
formance of NDG/GCE towards electrochemical
H,O, determination. The obtained irreversible
reduction curve at NDG/GCE may be explained by
the subsequent Eq. (3) [35].

H20z g 02 +2H++237 (4)

3.10. Amperometric detection of H,O, at NDG/GCE

Amperometric measurement was carried out to
assess the sensitivity and limit of detection of NDG
for electrochemical H,O, estimation. Fig. 10a shows
the amperometric profile of NDG/GCE for the
electrochemical determination of H,O,. When the
experiment was going on, each time successively
added 0.5 uM of H,O, in stirred PBS at fixed applied
potential of —0.15 V vs. Ag/AgCl. Every addition of

20+
o—l
— a
<
2 20- b
=
o=
[+
S
5 40
S
a- GCE
b - GO/GCE
-60 € c- NDG/GCE

-0.6 -0.4 -0.2 0'.0
Potential (V vs Ag/AgCl)

Fig. 9. Cyclic voltammetry of (a) bare GCE, (b) GO/GCE (c) NDG/GCE
in 1.5 mM H,O, containing 0.1 M PBS at a scan rate of 20 mV/s.

H,0, leads to the enhancement in the reduction
current steeply and the steady-state is attained
within less than 3s. A linear variation in sensitivity is
observed with increasing H,O, concentration from
0.5 uM to 16 uM, as seen in Fig. 10b; the correlation
coefficient (R2) of the calibration plot was 0.99. The
electrode's sensitivity and limit of detection (LOD)
and limit of quantification (LOQ) were computed as,
respectively, 0.3 pA/ M and 03 puM, 0.99 uM
respectively using the following equations.

Limit of Quantification (LOQ) and Limit of
Detection (LOD) estimation:

LOD = 3.3*s,/m LOQ = 10*s,/m

Where, sd is the standard deviation of the blank
sample and “m” is the slope of the linear calibration
plot of H,O, measurement [31].

The acquired results demonstrate a finite activity
towards precise H,O, determination and are com-
parable with other studies, as Table 1 illustrates.

3.11. Interference study

Further, the selectivity of NDG/GCE during the
electrochemical determination of H,O, was evalu-
ated using amperometric measurements, which are
provided in Fig. 11. 1.5 mM of H,O, was added to
the study along with other chemicals that can
interfere, such as dopamine, ascorbic acid, SO,
and NO®~. Compared to H,O,, the concentration of
foreign molecules is two times higher. As can be
observed in Fig. 11, the current response due to the
interfering molecules is quite negligible, by which it
can be concluded that the electrode focuses only on
estimating H,O, while other potentially interfering
molecules are present.

3.12. Repeatability, reproducibility, and stability studies

Further reproducibility studies of proposed
NDG/GCE were carried using five identical NDG/
GCEs. These were prepared under similar condi-
tions and performed CV analysis was recorded in
the electrolyte of PBS containing 1.5 mM H,0O..
From the experiment, it is revealed that the relative
standard deviation (RSD) in the current response
between these electrodes is found to be 2.8 %, which
confirms the reproducibility of NDG/GCE. CV was
used to test the repeatability of a single NDG/GCE
at the same H,0O, concentration. Ten consecutive
CVs were recorded using single NDG/GCE. From
the experiment, it is revealed that RSD in sensitivity
was only 1.5 %. For the electrochemical determi-
nation of H,0O,, it can be determined that the
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Fig. 10. (a) Typical chronoamperometric response of NDG/GCE for successive addition of 0.5 uM H,0, in 0.1 M PBS (pH 7.0) at applied potential

—0.15 V. (b) The corresponding calibration plot of Fig. 10a.

electrode had a stable matrix. To understand the
stability of the developed sensor platform followed
by it is kept in a desiccator at room temperature.
The catalytic activity was intermittently examined
for 15 days. From these studies, it is observed that
there is no considerable change in current re-
sponses concerning the one which is obtained with
a 97 % retention rate, as depicted in Fig. 12. In
general, it can be established that NDG/GCE shows
a better electrochemical performance with good
repeatability, reproducibility, and stability.

3.13. Detection of H,O, in real sample analysis

By using the usual addition procedure, we further
By using the usual addition procedure, we further
extend our investigation to approximate the very
low-level concentration of H,O, in an actual sample.
Water samples taken from tap water were mixed
with a series of different amounts of H,O, and
subjected to the CA method for analysis. Table 2

Table 1. The analytical performance comparison for previous H,0,
electrochemical sensors with the proposed NDG/GCE.

Electrode Linear Detection References
Materials Range (uM) Limit (uM)

PEDOT-CuO? 40—10,000 8.5 [36]
CuGa,0, 5—-200 5 [37]

LSG-Ag 100—10,000 7.9 [38]
Fe/CV-CPE 20—-1100 20 [39]
SS/AuNPs 10—1000 3.97 [40]
NDG/GCE 0.5—16 0.3 Present work

# PEDOT-CuO - Poly(3,4-ethylene dioxy thiophene) Copper(Il)
oxide, CuGa,0, - spinel-type CuGa,0O, nanoparticle-modified
glassy carbon electrode, LSG-Ag- laser-scribed graphene
decorated with silver nanoparticles, Fe/CV-CPE - carbon paste
electrode modified with Fe-exchanged zeolitic volcanic tuff,
SS-AuNPs - Stainless steel, gold nanoparticles.

Current (pA)

T T T T T T T
200 400 600 800 1000 1200 1400

Time (s)

Fig. 11. Chronoamperometric response of successive addition of
respective electroactive species on NDG/GCE at —0.15 V in 0.1 M PBS.

displays the recovery studies that were the outcome.
The limited results obtained indicate that the
designed sensor system is capable of detecting H,O,
at low concentrations. The results have also been
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Fig. 12. Long-term stability of NDG/GCE was studied in 1.5 mM H,0,
containing PBS for 15 days.
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Table 2. Determination of concentration of H,O, in various types of
water with proposed NDG/GCE using the CA technique.

Samples Added (uM) Found (uM) Recovery (%)

Sample-1 0.50 0.49 98.0
1.00 1.02 102.0
2.00 1.98 99.0
3.00 3.02 100.6
4.00 4.02 100.5

Sample-2 0.50 0.51 102.0
1.00 0.99 99.00
2.00 2.01 101.5
3.00 3.02 100.6
4.00 3.99 99.7

thoroughly verified, and this makes it a useful
sensor for the real-time detection of H,O, in a va-
riety of industrial or HO, containing materials.

4. Conclusions

This work presents an easy way to synthesize
nitrogen-doped 3D-foam graphene as a potential
electrode material for H,O, electrochemical detec-
tion. The surface characteristics of synthesized
materials are examined with various spectroscopy
and microscopy tools. Using Raman studies, it has
been concluded that an increase in the intensity Ip/
I ratio confirms the successful incorporation of
nitrogen in the carbon network. The resulted NDG
material have a high surface area, huge number of
structural defects/active sites, which contributes to
the excellent electrocatalytic response towards
H,0,. Further, NDG/GCE produces better electro-
chemical performance, like enhanced reduction
current at low overpotential, while the electro-
chemical determination of H,O, when compared to
bare GCE. Further, it exhibited selectivity, linear
range, rapid response, stability, and minimal
detection limit. Hence, the current procedure is
identified as a favourable platform for reagent less,
non-enzymatic estimation of H>O,. As a result, this
process simplifies the large-scale synthesis of NDG
for a variety of electrochemical applications.
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