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Abstract

Despite the developments made in diagnosis and treatment, the
prediction of lung diseases is still inferior. Early detection of lung
diseases requires invasive low cast techniques. Identification of
lung diseases includes the detection of multiple biomarkers such
as heptane and decan. Herein, we proposed the susceptible and
selective sensor for the detection of biomarkers of lung diseases.
The SnO:z nanospheres (Snns) and SnO2/rGO superstructural
architectures (GSss) are prepared by the facile hydrolysis method.
The as-prepared materials are investigated in detail by the
different analytical techniques, and the obtained results are
consistent with each other. The proposed sensor exhibits excellent
sensitivity as low as 500 ppb to heptane and decane.

Keywords: SnO2/rGO(¢F=), Nanocomposite( /=), heptane
and decane sensing( 8#=), high sensitivity( $#=).

1. Introduction

Detection of lung diseases includes the recognition of various
biomarkers such as in the patients breathe. The bio markers
observed in the breath lung cancer patients are heptane, decane, 2-
methyl pentane, formaldehyde, 2-ethyl-1-hexanol, propanal,
pentanal, and acetone. Analyzing these biomarkers from the
human breath is an effective and efficient method to detect lung
cancer in early stages. However, detection of these low
concentrations biomarkers from the pat Detection of lung diseases
includes the recognition of various biomarkers, such as in the
patient's breath. The biomarkers observed in the breath lung
cancer patients are heptane, decane, 2-methyl pentane,

formaldehyde, 2-ethyl-1-hexanol, propanal, pentanal, and acetone.

Analyzing these biomarkers from the human breath is an effective
and efficient method to detect lung cancer in its early stages.
However, detection of these low concentrations of biomarkers
from the patients is challenging.

Over the years, several techniques have been proposed to detect
these biomarkers. For example, Guntner et al. proposed a compact
E-nose based on Pt/SnOz hybrid nanocomposite to quantify
formaldehyde [1]. Khatoon et al. prepared the doped SnO:
nanomaterials for the electrochemical detection of lung disease
biomarkers [2]. However, most of the proposed sensors work at
high operating temperatures, limiting the sensors' practical
applicability. Besides, the high-temperature sensors cannot be
used in biomedical applications. Therefore, a practical and

durable low-cost sensor working in real situations for early
detection, quantification, and warning against lung cancer at
ambient temperature is required.

To overcome the drawbacks of the current-state-of the art, herein,
we developed the Snns and GSss based sensors to detect heptane
and decane biomarkers. The incorporation of graphene nanosheets
enhanced the sensitivity of the sensor into the SnO2 matrix. The
proposed sensors showed excellent sensitivity and selectivity to
heptane and decane.

2. Experimental section
2.1. Preparation of hierarchical SnO2/rGO super structural

architectures

In a typical procedure for synthesizing GSss, firstly, calculated
amount of GO and sodium stannate trihydrate were dispersed in
deionized water. Then, the desired amount of D-glucose
monohydrate was added to the above solution. The final
reaction mixture kept for stirring at 90° C for 19 h. The
obtained precipitate was centrifuged and washed with
deionized water and kept for drying at 55° C. The hierarchical
mesoporous Snns were prepared using the same protocol except
using rGO nanosheets.

3. Results and discussion

Fig. 1. FESEM images of the (a, b) Snns at different
magnification, (c, d) GSss architectures.

The field emission scanning electron micrograph (FESEM)



showing numerous nearly monodisperse as-prepared Snns with an
average diameter of ~50 nm (Fig 1a). The high-resolution FESEM
images reveal the hierarchical nature of the as-synthesized Snns.
Fascinatingly, the closer view of these nanospheres under high
magnifications, several nanoparticles of size ~5 nm are evidenced
as the primary building blocks. Fig. 2 shows the FESEM images
of the as-prepared GSss architectures. The FESEM analysis
confirms the formation of building blocks of SnOz on the rGO
nanosheets.

Fig. 2a (i) shows the powder X-ray diffraction (XRD) pattern of
the as-prepared GO. The diffraction pattern at 26 of 11.5°,
attributed to the (002) lattice plane of disordered graphitic
structure (JCPDS No. 75- 1621) [3]. XRD patterns of Snns and
GSss architectures exhibits the similar diffraction patterns at 26 of
26.7°, 33.6°, 37.6° 51.8° 54.3° 61.5° and 64.8° correspond
respectively to (110), (101), (200), (211), (220), (310) and (112)
planes of tetragonal rutile SnO: crystal structure (JCPDS No. 41-
1445) [2]. The Raman spectrum of GO shows peaks ~1348 cm
and 1585 cm* corresponding to the D and G band of the graphitic
structure. Fig. 2b(ii) shows the peaks at 475, 577, and 637 cm!
corresponding to the primary vibrational modes, Eg, Alg, and Bzg
of tetragonal rutile SnOz2, respectively. The Raman band at 475
cm? attributed to the vibration of an oxygen atom in the Sn-O
plane. The Raman band positioned at 577 and 637 cm arises
from the expansion and contraction of Sn—O vibrational modes
[2]. The Brunauer— Emmett-Teller (BET) surface area of the Snns
and GSss architectures calculated as 128 m?.g?'and 198 m?.g?,
respectively.
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Fig. 2. (a) Powder X-ray diffraction pattern of the (i) as-prepared
graphene oxide, (ii) Snns and (iii) GSss architectures.

The gas sensing properties of the fabricated sensors based on
Snns and GSss architectures were investigated at different
sensing temperature to 50 ppm of heptane and decane. The
sensing response of both the sensors increased with increasing
operating temperature. The maximum heptane sensing response
(I'srmax) Of the Snns sensor at 125 °C was ~24, whereas the I'srmax
of the GSss architecture sensor at 150 °C was ~56. The GSss
sensor exhibited ~2.75-fold higher in sensing response compared
to the pristine Snss sensor. The Eg of GSss sensor and Snss sensor
was found to be ~0.18 eV, and 0.29 eV, respectively. The lower
Eg value of the GSss sensor is indicating the improved
performance of the sensor. Fig. 3 shows the dynamic sensing
characteristics of the sensors based on Snss sensor at 125 °C to
different concentration of heptane and decane. Both the sensors

exhibited wide range of detection limit indicating the excellent
sensitivity of the proposed sensors.
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Fig. 3. Dynamic sensing characteristics of the sensors based on
GSss architecture to different concentration of heptane and decane
at125 ° C.

4. Conclusion

The hierarchical mesoporous Snns and GSss architectures were
prepared by a facile hydrolysis method. The fabricated sensors
showed strong sensing response towards heptane and decane. The
sensors can detect the target gases as low as 500 ppb indicating
the excellent sensitivity of the proposed sensors.
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ABSTRACT

Despite the developments made in diagnosis and treatment,
the prediction of lung diseases is still inferior. Early detection
of lung diseases requires invasive low cast technigues.
Identification of lung diseases includes the detection of
multiple biomarkers such as heptane and decane. Herein, we
proposed the susceptible and selective sensor for the
detection of biomarkers of lung diseases. The SnO,
nanospheres and SnO.,/rGO superstructural architectures are
prepared by the facile hydrolysis method. The as-prepared
materials are investigated in detail by the different analytical
techniques, and the obtained results are consistent with each
other. The proposed sensor exhibits excellent sensitivity as
low as 500 ppb to heptane and decane.!

INTRODUCTION

According to the world health organization (WHQO) lung
cancer Is one of the most common causes of disease and IS
responsible for 1.3 million deaths worldwide every vyear.
Therefore, the early detection of lung cancer is highly desired

to save millions of people's life.

The bio-markers observed in the breath lung cancer patients
are heptane, decane, 2-methyl pentane, 2-ethyl-1-hexanol,
propanal, pentanal, and acetone. Analyzing these bio-markers
from the human breath is an effective and efficient method to
detect lung cancer in early stages.?

However, detection of these low concentrations bio-markers
from the patients are extremely difficult. Therefore, a
practical and durable low-cost sensor working iIn real
situations, for early detection, gquantification, and warning
against lung cancer at ambient temperature would be
developed.

GENERAL CHARACTERSITICS OF THE GAS SENSOR

High sensitivity, Excellent selectivity, Fast response and
recovery time, Humidity independence, Low energy
consumption

MOTIVATION

s Decreasing operating temperature of the sensor
“*Developing highly selective and sensitive sensor
“*Enhancing the sensitivity of the sensor

“*High stability

MATERIALS AND METHODS

the

Scheme 1. Schematic Representation Illustrating
Synthesis Mechanism of Porous SnO, Nanospheres
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RESULTS AND DISCUSSION

MORPHOLOGICAL AND CRYSTAL STRUCTURE
ANALYSIS

Fig. 1 FESEM images of the as-prepared SnO, nanospheres at
different magnifications
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Fig. 2 Electron microscopy
SnO,/rGO super structural building blocks In scanning and
transmission modes. Representative FESEM 1mages of the
SnO,/rGO super structural building blocks at (a) low and (b, c)
high magnification; (d) TEM image of the SnO,/rGO super
structural building blocks.

RESULTS AND DISCUSSION

Images of the as-prepared
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Fig. 3 Powder X-ray diffraction pattern and micro-Raman
spectra of as-prepared GO, pristine SnO, and SnO.,/rGO

composite.
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Fig. 4 Surface area analysis of as-prepared pristine SnO, and
SnO,/rGO composite.

HEPTANE AND DECANE SENSING CHARACTERSITICS

Sensor Response
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Fig. 5 Heptane and decane sensing characteristics of the as-
prepared SnO, nanospheres (Snys), SnO,/rGO super structural
building blocks (GS¢s) as a function of operating temperature;
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Fig. 6 Dynamic sensing characteristics of the sensors based on

GS¢s architecture to different concentration of heptane and
decane at 125~ C.
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Fig. 7 Gas sensing characteristics of SnO,-rGO building blocks
sensor in the presence of several interfering gases

CONCLUSION

In summary, a novel SnO,/rGO super structural building
blocks was prepared by a facile method. The as-prepared
materials were investigated in detail for their morphological
and crystal structure properties through different analytical
technigues and the obtained results were consistent. The as-
prepared materials were systematically investigated for heptane
and decane sensing at different operating temperatures. The
sensing studies revealed that SnO,/rGO super structural
building blocks resulted In great enhancement in the heptane
and decane sensing response.
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