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ABSTRACT: Fast detection of hydrogen gas leakage or its release in di�erent
environments, especially in large electric vehicle batteries, is a major challenge
for sensing applications. In this study, the morphological, structural, chemical,
optical, and electronic characterizations of ZnO:Eu nanowire arrays are
reported and discussed in detail. In particular, the influence of di�erent Eu
concentrations during electrochemical deposition was investigated together
with the sensing properties and mechanism. Surprisingly, by using only 10 μM
Eu ions during deposition, the value of the gas response increased by a factor
of nearly 130 compared to an undoped ZnO nanowire and we found an H2

gas response of ∼7860 for a single ZnO:Eu nanowire device. Further, the
synthesized nanowire sensors were tested with ultraviolet (UV) light and a
range of test gases, showing a UV responsiveness of ∼12.8 and a good
selectivity to 100 ppm H2 gas. A dual-mode nanosensor is shown to detect
UV/H2 gas simultaneously for selective detection of H2 during UV irradiation
and its e�ect on the sensing mechanism. The nanowire sensing approach here demonstrates the feasibility of using such small devices
to detect hydrogen leaks in harsh, small-scale environments, for example, stacked battery packs in mobile applications. In addition,
the results obtained are supported through density functional theory-based simulations, which highlight the importance of rare earth
nanoparticles on the oxide surface for improved sensitivity and selectivity of gas sensors, even at room temperature, thereby allowing,
for instance, lower power consumption and denser deployment.
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1. INTRODUCTION

Hydrogen (H2) is an extremely useful gas that has great
potential for future applications as it represents an alternative,
clean, sustainable, and promising energy source for the
stationary and transportation sectors.1,2 However, hydrogen
gas is also a common decomposition product of chemical
reactions such as those that occur during battery operation and
therefore must be detected, owing primarily to its reactivity
and hazardousness.3−5 In batteries, especially in large vehicle
applications, several types of defects can increase the
temperature and lead to undesirable chemical reactions that
can also cause thermal runaway.6−8 Any fault condition must
be investigated and preferably prevented during operation to
increase safety, as health hazards such as toxic (e.g., CO, HF)
and flammable (e.g., H2, CH4, C2H4, electrolytes) gases, as well
as fire and explosions, may occur.6,7 Therefore, several research
groups are investigating the gas evolution, especially of H2 and
CO, in di�erent types of battery cells during overcharging and
at high temperatures to enable the development of appropriate
early warning systems. Such systems are based on new
materials and are in particular relevant for detection of H2

levels during over-temperature triggering to avoid various
hazards.4,9,10 Another major safety issue with H2 is its ability to
di�use very easily and mix quickly with the air by di�usion.
The International Fire Code (IFC) allows H2 levels as high as
1% vol,11 while mixing ratios of hydrogen with oxygen ranging
above 4% (lower explosive limit (LEL) or the lower
flammability limit (LFL)) and below 75% (upper explosive
limit (UEL) or the upper flammability limit (UFL)) by volume
are highly explosive and therefore dangerous.12 Since both the
hydrogen−oxygen mixture flame and combustion flames emit
UV radiation, which is invisible to the human eye, a device
containing a H2 gas sensor and a UV detector as a dual-mode
sensor or two separate devices are required for safety
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