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This study introduces a NO₂ sensor based on a Fe₃O₄@rGON-(piperidine-4SO₃H nanocomposite,
designed for efficient detection of nitrogen dioxide in polluted air. The sensor was synthesized and
characterized using techniques such as EDX, FTIR, TGA, Raman spectroscopy, and SEM. To optimize
performance, sensors were fabricated with different weight percentages 1, 5, 10, and 15 weight per-
cent) of the nanocomposite. Sensitivity and response time were evaluated across NO₂ concentrations
ranging from 2.5 to 50 ppm. The results revealed that the sensor exhibited maximum efficiency at
concentrations above 5 ppm with at least 15 weight percentage of the nanocomposite, proving its en-
vironmental monitoring potential.

Keywords: Toxic gas detection, Nanosensor, Reduced graphene oxide, Nanocomposite, Nitrogen
dioxide NO₂)

Introduction

Nitrogen oxide gases NOₓ), including ni-
tric oxide NO and nitrogen dioxide NO₂),
contribute to the formation of harmful nitrous
and nitric acids, posing serious threats to both
human health and the environment. These
gases are major contributors to photochemical
smog and acid rain [1]. Primarily generated
through fuel combustion in stationary and mo-
bile sources, NOₓ emissions remain a signifi-
cant air pollution concern, prompting stringent
control measures [1]. The combustion of fossil
fuels such as coal, oil, and natural gas across
power generation, transportation, and industrial
activities releases pollutants including NOₓ, sul-
fur dioxide SO₂), and carbon monoxide CO,
further exacerbating air quality issues [1]. This

underscores the urgent need for reliable and
durable NOₓ sensors capable of real-time mon-
itoring to support public health and safety initia-
tives [1]. Nanomaterials have become increas-
ingly important in scientific and industrial do-
mains due to their unique chemical and physi-
cal characteristics. Among them, carbon-based
nanostructures have emerged as promising ma-
terials in environmental and energy-related ap-
plications [1]. Their use in gas sensing has
grown rapidly, thanks to their high sensitivity
and adaptability for detecting gases such as
NO₂ [1]. Graphene derivatives like graphene
oxide GO and reduced graphene oxide (rGO)
are particularly well-suited for gas sensor ap-
plications due to their large surface area, which
enhances gas adsorption and detection sensi-
tivity.
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Methodology

The nanosensor was fabricated using a
combination of electrodeposition and deposi-
tion methods. Initially, a gold layer approx-
imately 300 nm thick was electrodeposited
onto an alumina substrate using the conven-
tional sputtering technique. Next, 0.2 g of
the synthesized Fe₃O₄@rGON-(piperidine-4
SO₃H nanocomposite was dispersed in 3 mL
of ethanol via ultrasonication and then applied
to the gold-coated alumina using a spin-coating
machine. After deposition, the substrate was
connected using silver paste, placed in a con-
tainer, and subsequently heated for 2 hours and
dried at 100 °C.

Result

The structural properties of the Fe₃O₄@rGO
N-(piperidine-4SO₃H were characterized us-
ing a range of analytical methods, including
energy-dispersive X-ray spectroscopy EDX,
elemental analysis, scanning electron mi-
croscopy SEM, and Fourier-transform in-
frared spectroscopy FTIR. The combined use
of these techniques allowed for a thorough
and detailed investigation of the synthesized
Fe₃O₄@rGON-(piperidine-4SO₃H nanocom-
posite, providing clear and comprehensive in-
sight into its chemical structure. Fig. 1. demon-
strates the Sensitivity for different samples of
Fe₃O₄@rGON-(piperidine-4SO₃H in several
NO₂ concentrations 2.5 and 50 ppm). The
gas-sensing performance of Fe₃O₄@rGON
(piperidine-4SO₃H nanosensor reveals that
sensitivity is influenced by both the NO₂ gas
concentration and the density of active sites
on the sensor surface. The sensitivity of sen-
sors with varying nanocomposite loadings 1–20
Weight percent) was evaluated across a range
of NO₂ concentrations 2.5–50 ppm). Notably,

increasing the nanocomposite content from 10
to 15 Weight percent resulted in a marked im-
provement in sensor sensitivity.

Figure 1 Sensitivity for different samples of
Fe₃O₄@rGON-(piperidine-4SO₃H in several
NO₂ concentrations 2.5 and 50 ppm.

Conclusions
This study outlines the synthesis, anal-

ysis, and application of the Fe₃O₄@rGON
(piperidine-4SO₃H nanocomposite for selec-
tive and sensitive NO₂ gas detection. Ex-
perimental results show peak performance at
NO₂ concentrations above 5 ppm with at least
15 weight percent graphene-based material.
At concentrations over 10 ppm, the sensor
achieves sensitivity above 100 percent and a re-
sponse time under 100 seconds. The study con-
firms that functionalizing graphene oxide with
piperidine sulfonic acid significantly boosts its
gas-sensing efficiency, making it a promising
candidate for advanced NO₂ detection.

Acknowledgements
This work was supported by the Student

Grant Competition SGS at the Technical Uni-
versity of Liberec in 2025 under project No.
SGS20238354.



2025

References
1 J. A. Y.M. P. K.Y. L. J. K. G. Ko,

H.Y. Kim. 2010 Graphene-based ni-
trogen dioxide gas sensors. Online].
Available: https://www.sciencedirect.com/
science/article/pii/S1567173909006117

https://www.sciencedirect.com/science/article/pii/S1567173909006117
https://www.sciencedirect.com/science/article/pii/S1567173909006117

	Introduction
	Methodology
	Result

	Conclusions
	Acknowledgements

