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ABSTRACT

Hydrogen breath analysis can be used as a noninvasive
assessment tool for identifying gut disorders associated with
abnormal fermentation and malabsorption. This feasibility study
investigated the development of a reusable hydrogen breath
sensor capable of detecting relevant hydrogen concentrations
with a fast response time. A prototype sensing system was
designed, fabricated, and evaluated for sensitivity and
repeatability. The sensor successfully detected hydrogen,
demonstrating clear signal responses during controlled testing.
In addition, repeated measurement cycles confirmed that the
device maintained consistent performance, indicating its
potential for reuse without significant degradation. These
findings support the feasibility of developing a practical, low
cost, reusable hydrogen breath sensor with fast response time
for future application in the monitoring of gut diseases.
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NOMENCLATURE
NPs Nanoparticles
ITO Indium Tin Oxide
SIBO Small intestinal bacterial overgrowth

1. INTRODUCTION

Irritable bowel syndrome (IBS) affects an estimated 5-10%
of the global population [1], making it one of the most common
gastrointestinal disorders. A significant subset of these
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individuals, approximately 60%, also experience small intestinal
bacterial overgrowth (SIBO), a condition in which excessive
bacteria colonize the small intestine. In SIBO and other
malabsorption-related disorders, undigested food in the intestine
is metabolized by bacteria such as Escherichia coli and
Klebsiella species. These bacteria produce hydrogen as a
byproduct in the small intestine or colon. Elevated levels of
hydrogen measured through a breath test serve as a noninvasive
biomarker for gastrointestinal abnormalities, particularly SIBO
or nutrient malabsorption. As a result, hydrogen breath analysis
has become an important assessment tool for screening and
monitoring gut health.

Nielsen  originally  established  breath  hydrogen
quantification via gas chromatography [2]. While various
sensing modalities have since emerged, existing systems often
require complex laboratory configurations that preclude point-
of-care (POC) application. This creates a critical need
for portable, low-cost H: sensors capable of decentralized
clinical monitoring. An optimal sensor for breath analysis must
satisfy four primary performance metrics: (1) sensitivity: a low
detection limit (<20 ppm), (2) kinetics: a rapid response time
(<10 seconds), (3) efficiency: low power consumption for
battery integrated operation and (4) selectivity: high specificity
for hydrogen to eliminate cross-interference from other gases.

Palladium and palladium-based alloy nanoparticles (NPs)
have been extensively investigated for hydrogen sensing
applications owing to their unique ability to form metal hydrides
at room temperature. Hydride formation induces significant
changes in the physical, optical, and chemical properties of
palladium, thereby enabling transduction mechanisms suitable
for gas detection [3-5]. In the present study, palladium NPs are
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deposited onto two types of substrates: bare indium tin oxide
(ITO) and graphene-modified 1TO. The interface between the
palladium NPs and the n-type semiconductor substrates
establishes a Schottky junction, which facilitates electron
transfer from the nanoparticles to the underlying substrate. This
charge transfer leads to a reduction in the depletion layer width
and consequently enhances the electrical conductivity of the
substrate. The magnitude of the conductivity (or resistivity)
change is directly correlated with the amount of hydrogen
absorbed by the palladium NPs from the surrounding
environment, such as exhaled breath, thus forming the basis of
the sensing mechanism.

2. MATERIALS AND METHODS
All materials, chemicals, and experimental procedures
employed in this work are described in detail below:

2.1 Substrates

Indium tin oxide (ITO)—coated glass substrates (Qunguan)
with an ITO thickness of 185 + 5 nm and dimensions of 25 mm
x 50 mm were used as the base material. In selected samples, the
ITO surface was further modified with a graphene intermediate
layer to investigate its influence on sensor performance.

2.2 Preparation of Palladium Nanoparticles

Palladium NPs were deposited using a solution-based
method. The precursor solution was prepared by dissolving 100
mg of palladium (I1) acetate (99.98%, Sigma-Aldrich) in 5 mL
of chloroform (>99.8%, Aldrich Chemical). The solution was
applied onto either the bare ITO substrate or the graphene-
modified 1TO substrate. Following deposition, the films were
air-dried and subsequently thermally treated at 205 °C for 5 min
to reduce palladium (I1) acetate to metallic palladium NPs. For
the graphene-modified substrate, a water-based graphene
dispersion (M.E. Taylor Engineering) was manually applied onto
the ITO surface prior to palladium deposition. In all samples, a

N-type semiconductor

Figure 1: Schematic illustration of the sensor
configuration. Palladium NPs (=1 mg) are deposited over a
25 mm x 40 mm active area on the substrate. Electrical
resistance is measured by connecting two electrodes at the
uncoated ends of the substrate to a precision digital
multimeter.

40 mm x 25 mm area at the center of the substrate was coated
with palladium NPs, with or without the graphene layer, while
leaving two 5-mm uncoated edges along the sides to serve as
electrical contact regions (Figure 1).

2.3 Gas Sensing Apparatus

A custom gas-testing system was constructed to evaluate the
electrical response of the fabricated sensors. The apparatus was
equipped with gas-delivery lines and a vacuum system to enable
controlled exposure to various gas environments. The resistance
of each sensor during gas exposure was monitored using a
precision digital multimeter (Brymen, BM869) (Figure 2).
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Figure 2: Schematic of the sensor testing setup. The process
uses a470 mL test chamber, initially evacuated to ~29
inHg. For the preliminary study, pure hydrogen is slowly
introduced until the chamber reaches ambient pressure,
while a multimeter records the resulting changes in sensor
resistance.

3 RESULTS AND DISCUSSION

To evaluate the sensor response toward hydrogen,
measurements were conducted under controlled conditions using
pure hydrogen introduced into a vacuum-evacuated testing
chamber. The baseline resistance was recorded prior to gas
exposure, followed by continuous monitoring until the resistance
reached a steady value. Each sensor underwent multiple
exposure—evacuation cycles to assess reversibility.

3.1 Sensor with Pd NPs on Bare ITO

Sensors fabricated with Pd nanoparticles on bare ITO
displayed reproducible behavior from two different samples.
Two representative devices (Sensors A and B) (Table 1)
exhibited similar resistance changes of approximately 2.5 Q per
cycle, with comparable percentage responses to hydrogen
despite relatively slow response times of over 60s (Figure 3).
However, neither sensor recovered its initial resistance after
chamber evacuation, indicating poor reversibility. This
irreversible behavior, along with the prolonged response, is
likely attributable to catalytic interactions between the highly
reactive Pd NPs and the ITO surface in the presence of hydrogen,
potentially involving partial reduction of the ITO layer. To
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mitigate direct Pd—ITO contact, a graphene interlayer was
introduced in subsequent devices.

Table 1: Percentage change in resistance upon hydrogen
exposure for sensors incorporating Pd NPs on bare ITO.

Initial R (Ohm)  18.42 18.97
Final R (Ohm) 16.11 16.46
% change 125 13.2
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Figure 3: The sensor incorporating Pd nanoparticles on bare
ITO exhibits irreversible resistance behavior and a
comparatively slow response upon hydrogen exposure under
ambient temperature and pressure conditions.

3.2 Sensor with Pd NPs on Graphene-Modified ITO
Sensors incorporating a graphene interlayer demonstrated
markedly improved performance. Repeated exposure cycles
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Figure 4: The Pd-nanoparticle/graphene-modified ITO
sensor offers fully reversible behavior and faster response
times for hydrogen detection at room temperature. Upon
exposure to hydrogen, its electrical resistance drops
instantly and recovers rapidly once the gas is removed.

showed rapid and fully reversible resistance changes upon
hydrogen introduction and subsequent evacuation (Figure 4).
Nonetheless, a gradual baseline drift was observed over
successive cycles, which may be attributed to Ostwald ripening
of the Pd nanoparticles, leading to slow morphological evolution
during operation.

4 CONCLUSION

Based on the findings of this study, palladium nanoparticle—
based hydrogen sensors exhibit distinct performance
characteristics depending on the underlying substrate. Sensors
fabricated on bare ITO show measurable but slow and
irreversible responses, likely due to catalytic interactions
between Pd and the ITO surface. Introducing a graphene
interlayer significantly improves sensor behavior, enabling fast,
reversible hydrogen detection with reduced noise. These results
highlight the importance of interface engineering in optimizing
metal-semiconductor hydrogen sensors and demonstrate the
potential of graphene-modified substrates for reliable sensing
applications.
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