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Gas Adsorption Magnetic Variation Effect Enhanced
Room-Temperature NO, Sensing with Fe;GaTe,

Jiangnan Chang, Minghao Zheng, Yifei Fan, You Wu, Ziru Zhang, Yancong Feng, Hao Li,
Min Zeng, Yanan Guo, Meijin Zhang, Patrick J. French, Renfeng Dong, Zhipeng Hou,*

Guofu Zhou, and Yao Wang*

Achieving high-performance, low-power gas detection at room temperature is
critical to safety and energy efficiency, and the key is to deeply explore the
interaction mechanisms between sensitive materials and gases. In this work,
a magnetic field-assisted strategy is developed to achieve high-performance,
low-power NO, sensing with the Fe;GaTe, at room temperature. Fe;GaTe,
nanoflakes are obtained from green solvents using ultrasound-assisted liquid
phase exfoliation. The experimental results confirming that the Fe;GaTe,
nanoflakes sensor demonstrates an excellent response (S = 16 for 10 ppm
NO,, 1.4 times higher than that without magnetic field), a lower actual
detection limit (50 ppb) and a low-power consumption (0.25 nW) under 21 mT
magpnetic field at room temperature. Combining theoretical calculations and
quasi in situ XPS, it is indicated that Fe is the main electron donor and serves
as the main response site for NO,. Magnetic field-enhancing effect for gas

monitoring and gas detection has evolved
into a critical strategy for global envi-
ronmental sustainability. Nitrogen dioxide
(NO,), as a ubiquitous and highly re-
active gaseous pollutant mainly originat-
ing from fossil fuel combustion and au-
tomotive exhaust emissions, poses an es-
calating threat to environmental and pub-
lic health.!-3] Therefore, achieving high-
performance detection of NO, at room
temperature (RT) plays a crucial role.

In recent years, significant efforts have
been devoted to enhancing gas-sensing per-
formance through strategies leveraging in-
trinsic material properties!*®] and external
stimuli.[®”] Thermal activation and photoex-

sensing is revealed via comparing the in situ field-dependent magnetization
curves of Fe;GaTe, in air and NO,. It is found for the first time that the
enhancement of gas sensing is mainly attributed to the gas adsorption
magnetic variation effect (GAMVE) which generates in NO,. This study
provides a strategy of GAMVE-driven sensing for next-generation gas sensors.

1. Introduction

With the advancement of the Internet of Things (IoT) and Ar-
tificial Intelligence (Al), utilizing smart devices for air quality

citation, as prevalent external stimuli, have
demonstrated remarkable efficacy in mod-
ulating gas-material interactions. Due to
magnetism being an inherent fundamen-
tal property of materials, magnetic field
regulation has been extensively studied
in photocatalysis® and electrocatalysis,!’
presenting a highly promising strategy.
Compared to other external fields, magnetic fields offer ad-
vantages including environmental friendliness, easy regulation,
and relatively lower power consumption.l'”) These attributes
will contribute to enhancing the energy efficiency and power
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consumption ratio of sensors, while also facilitating more com-
pact device integration. Consequently, magnetic field-assisted
gas sensing has emerged as a burgeoning research focus. Re-
cent studies indicate that magnetic fields can enhance gas sens-
ing performance by inducing ordered magnetic moments and
optimizing carrier transfer efficiency, offering new insights for
designing next-generation gas sensors.[''1>] However, research
on magnetic field-assisted gas sensing remains challenging,
which lies in current studies predominantly rely on modify-
ing inherently non-magnetic or paramagnetic materials using
magnetic elements. In comparison, intrinsic magnetic materi-
als offer significant advantages in delving into the underlying
mechanisms by which magnetic fields influence gas sensing
behavior.

2D materials have emerged as promising candidates for room-
temperature gas sensing due to their large specific surface
area, unique crystal structures, and distinctive physicochemi-
cal properties.l'®7] Most of traditional magnetic 2D materials
do not show ferromagnetism at room temperature since their
Curie temperatures are below room temperature. Hence, they
could not be applied in room temperature gas sensing systems.
The recently discovered 2D van der Waals intrinsic ferromag-
netic material Fe;GaTe, exhibits a Curie temperature higher than
room temperature (Tca350-380 K), large saturation magnetiza-
tion, and excellent electronic properties including high carrier
mobility.'8-2!l Endowed with these properties, Fe,GaTe, emerges
as not only a viable candidate for developing high-performance
room-temperature gas sensing but also an optimal medium for
further investigating the sensing mechanisms of magnetic-field
influence.

In this study, we report the utilization of 2D van der Waals
ferromagnetic Fe,GaTe, for NO, sensing at room temperature.
Bulk Fe,GaTe, crystals were mechanically exfoliated by weak-
ening interlayer van der Waals interactions without introduc-
ing intermediates, followed by ultrasound-assisted liquid-phase
exfoliation in a water/ethanol mixed solvent to yield Fe,GaTe,
nanoflakes for NO, sensing at room temperature. A magnetic
field-assisted strategy to achieve high-performance, low-power
consumption NO, sensing with the Fe,GaTe, nanoflakes at room
temperature was further developed. The enhancement mech-
anism was proposed for the first time based on in situ mag-
netic field-dependent magnetization curves of Fe,GaTe,, reveal-
ing that the gas adsorption magnetic variation effect (GAMVE)
generated in NO, is the primary cause of gas sensing enhance-
ment. It provides a new perspective for exploring sensing mecha-
nisms and the design of high-performance NO, sensors at room
temperature.
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2. Results and Discussion

2.1. Sample Preparation and Characterization

Fe,GaTe, nanoflakes were prepared via the liquid-phase exfolia-
tion (LPE) method with a green solution. Reducing the thickness
and lateral dimensions of the materials by grinding. Through ul-
trasonic treatment to weaken the interlayer van der Waals (vdW)
force and widen the interlayer spacing for acquiring the exfoli-
ated nanoflakes, and further freeze-drying to obtain powders for
subsequent tests (Figure 1). The crystal structures of the mate-
rials were analyzed in Figure 2a. X-ray diffraction (XRD) analy-
sis of Fe,GaTe, crystals confirmed a centrosymmetric P6,/mmc
space group, consistent with previous reports,[**! verifying the
successful synthesis of Fe,;GaTe, crystals. The full width of the
half-maximum of the (002) peak is 0.1°, indicating the good crys-
tallinity and high-quality. The pattern of Fe,GaTe, nanoflakes re-
vealed reduced crystallinity and exposed more crystal planes com-
pared to the crystal results, while matching the simulated XRD
pattern.

The morphologies of the as-prepared Fe,GaTe, before and af-
ter exfoliation are further characterized using scanning electron
microscopy (SEM) and transmission electron microscopy (TEM).
Figure S1 (Supporting Information) displays the SEM image of
the bulk crystal before and during exfoliation, showing the large
lateral dimensions and thickness. The typical EDX results shown
the stoichiometry consistent with Fe,GaTe, (Figure S2, Support-
ing Information). In contrast, the exfoliated nanoflakes exhibit
significantly reduced dimensions and the morphology with the
thickness of ~6.86 nm (Figure 2b; Figure S3, Supporting Infor-
mation). Additionally, EDS mapping demonstrated a homoge-
neous distribution of Fe, Ga and Te elements (Figure 2c). The
surface composition and chemical states of Fe,GaTe, were char-
acterized by X-ray photoelectron spectroscopy (XPS). As shown
in Figure 2d, the high-resolution Fe 2p spectrum was deconvo-
luted into Fe 2p;, and Fe 2p,,, components. The peaks at 707.1
and 720.9 eV originate from metallic iron (Fe’) in Fe,GaTe,.
The additional doublet peaks at 711.5 and 725.2 eV correspond
to Fe* species. Similarly, the Te 3d spectrum (Figure 2e) was
deconvoluted into Te 3ds,, and Te 3d;;, peaks located at 573.1
and 583.4 eV, respectively, confirming the presence form of
Te?~ species.[?!] As displayed in Figure 2f, Raman spectroscopy
of Fe,GaTe, crystals revealed two characteristic phonon modes
at 122.7 cm™ (A,,") and 140.3 cm™ (E,,%).*”) In contrast, the
nanoflakes sample exhibited a red-shift in A" and E,,* to 120.7
and 138.3 cm™!, indicating a reduction in vibrational energy. This
red shift is attributed to weakened van der Waals interactions and
increased structural disorder, and it may also be accompanied by
the formation of vacancies,[?*] consistent with the other results of
exfoliated Fe;GaTe,.

2.2. Gas Sensing Performance

To investigate the effect of magnetic field on the gas sensing prop-
erties, it is first necessary to study the gas sensing performance
of the samples without an applied magnetic field. At room tem-
perature, the response characteristics of the sensor to NO, gas
without a magnetic field were investigated. Upon introduction
of NO,, the resistance of the sensor instantaneously decreased

© 2025 Wiley-VCH GmbH
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Figure 1. Schematic diagram of the liquid-phase exfoliation method and the gas sensing measuring system.

and remained stable in the NO, atmosphere. When NO, was re-
leased, the resistance could return to the initial value, exhibiting
a typical p-type sensing curve and full recoverability. The sensor
demonstrated a response of 11.25 to 10 ppm NO,, as shown in
Figure S4a (Supporting Information). Meanwhile, Figure 3a dis-
played a stable response curve over five consecutive test cycles,
indicating remarkable cyclic stability. The sensor was tested with
0.1-15 ppm NO, (Figure 3b), showing a typical response increase

a —— Simulated Fe,GaTe, b

Fe,GaTe, Crystals
Fe,GaTe, Nanoflakes

35
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; .
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with increasing gas concentration and a well-fitted linear relation-
ship (Figure S4b, Supporting Information). The lowest actual de-
tected concentration can be as low as 0.1 ppm, and the response
could reach 1.23, which is capable of detecting the limit concen-
tration set by European Union for protecting public health and
the environment (200 ug m=2).[>* These results demonstrate that
the sensor exhibits stable and excellent room-temperature sens-
ing capability for NO, without an applied magnetic field.

d Fe2p e Te(ll) 3ds, Te 3d Asg
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Figure 2. a) XRD patterns of Fe;GaTe, crystals and Fe;GaTe, nanoflakes. b) SEM and TEM images of the exfoliated Fe; GaTe, nanoflakes. c) HAADF-EDS
images of the Fe;GaTe, nanoflakes. d) Fe and e) Te high-resolution XPS analysis of the Fe;GaTe, nanoflakes. f) Raman image of Fe;GaTe, crystals and

the Fe;GaTe, nanoflakes.
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Figure 3. a) Cycle curves for 10 ppm and b) Response curves for 0.1-15 ppm NO, of Fe;GaTe, based sensor at room temperature without magnetic
field. c) Resistance and response d) curves for 10 ppm NO, at room temperature under 0, 10, 21, 34, and 48 mT magnetic field. €) Summary of the
response values for 10 ppm NO,, R;, and R, of the sensor under different magnetic field strengths.

Studies on the directional relationship between magnetic
fields and sensors have shown that applying a vertical magnetic
field provides a more prominent enhancement effect. Simulta-
neously, in this work, the vertical magnetic field significantly in-
fluenced the resistance of sensors. Therefore, a vertical magnetic
field was prioritized applying to systematically investigate the im-
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pact on the performance of sensors. Here, permanent magnets
were chosen to supply the various magnetic fields. The room
temperature transient resistance and response curves of the sen-
sor toward 10 ppm NO, under different magnetic field intensi-
ties at room temperature were presented. All results showed that
the typical p-type sensing curves consistent with the case of the
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Figure 4. a) Resistance response/recovery characteristics and b) Cycle curves toward 10 ppm NO, of Fe;GaTe, based sensor under 21 mT magnetic
field at room temperature. c) Response curves under 21 mT and d) Response values under 0 and 21 mT magnetic field toward 0.1-15 ppm NO, of
the sensor at room temperature. e) Response curves for 0.05 ppm NO,, and f) Selectivity for 10 ppm NO, and common air pollutants gases under
0 and 21 mT magnetic field. g) Long-term stability toward 10 ppm NO, under 21 mT magnetic field. h) Graph comparing NO, response and power

consumption of reported gas sensors.

magnetic field absence. And R, increased with increasing of mag-
netic field strength (Figure 3c). The response values exhibited a
“hill” trend with increasing magnetic field strength. Under mag-
netic fields of 0, 10, 21, 34, and 48 mT, the response values for
10 ppm NO, were 11.25, 13.73, 16, 14, and 11.8, respectively.
Among, the peak response under a 21 mT magnetic field was 1.42
times that without a magnetic field (0 mT) condition (Figure 3d).
This trend aligned with the effect of temperature on response, in-
dicating that magnetic fields could effectively modulate the per-
formance of the sensor as an external stimulus. Figure 3e sum-
marized the response values, R, and R, under different magnetic
field strengths. As magnetic field intensity increased, both R, and
R, showed that an upward trend, with the increased amplitude of
R, being much larger than that R,. This indicated that the mag-
netic field had a stronger influence on the resistance of the sensor

in air than in the NO,, which might be due to the fact that the gas
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environment could change the intrinsic magnetism of the mate-
rial. The material exhibited weaker intrinsic magnetism in NO,
compared to air. This also explained why the response showed a
“hill” pattern under different magnetic field strengths.
Systematic gas sensing performance tests were conducted un-
der 21 mT to validate the reliability of the applied magnetic field.
As shown in Figure 4a, the response time (T,.) of the sensor
toward 10 ppm NO, is 3 s, with a recovery time (T,..) of 171 s
under a 21 mT magnetic field. Figure 4b confirmed the excel-
lent cyclic stability of the sensor under a 21 mT magnetic field.
The response curves (Figure 4c) and linear fitting (Figure S4c,
Supporting Information) results of the sensor to 0.1-15 ppm
NO, under a 21 mT magnetic field shown that the sensor exhib-
ited a higher linear relationship compared to that without mag-
netic, indicating enhanced sensitivity for NO, sensing. Specifi-
cally, toward 0.1-1 ppm NO,, the sensitivity of the sensor was 5.12

© 2025 Wiley-VCH GmbH
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Table 1. Comparison of power consumption and sensing performance for T ppm NO2 of chemiresistive gas sensors.

Materials Temperature External field Power [nW] Response [R,/R,] Refs.
CsCu,ly RT - 25 3.6 [25]
FA(.83Csg.17Pbl3 RT - 55 1.88 [26]
Sb,Se, RT - 4 1.1 [27]
WS, @MTCNFs RT - 83 1.15 [28]
WS, Co-N-HCNCs-700 RT - 110 1.15 [29]
NbsS, RT - 2500 1.05 130]
MoS, nanosheets RT - 8300 2.2 [37]
M_Fe/PANI:PSS RT - 175 000 1.018 [32]
WS, /Au/ZnO RT Light 40 000 000 1.03 [33]
C-InSe RT Light 1200 000 3.81 134]
CuO/MoS, RT Light 100 000 000 5.15 135]
Pt/Nb/In,05 94 °C MEMS heater 150 000 000 2.5 [36]
TeO, doped ZnO 100 °C MEMS heater 4000 000 1.8 [37]
In,0; 160 °C MEMS heater 75 000 3.7 [38]
Sn0,-InO, 200 °C MEMS heater 14 000 000 3.94 [39]
Fe;GaTe, RT - 0.5 5.7 This work
Fe;GaTe, RT Magnetic field 0.25 6 This work

*For ease of comparison, uniformly adopt the performance of 1 ppm NO, as the standard, and the response adopt R, /R,. The sensor power is directly provided by the original
text or obtained from the formula of P = I2*R or P = U? /R based on the data provided in the text.

under a 21 mT magnetic field, while that without a magnetic field
was 4.93. It was worth noting that the magnetic field significantly
enhanced the gas sensitivity performance with NO, concentra-
tion higher than 1 ppm. With the concentration increases, the
response value tends to saturate in the absence of magnetic field;
but with the addition of an external magnetic field, the satura-
tion tendency diminishes and the response values increase sig-
nificantly (Figure 4d), which indicates that the external magnetic
field plays a dominant role. Enhanced sensitivity implies a re-
duced practical limit of detection (pLOD). There was a detectable
response of 1.043 for 50 ppb NO, under a 21 mT magnetic field
at room temperature, but no change in response curve without
a magnetic field (Figure 4e). This achieves a practical detection
limit of 53 ppb matching the U.S. EPA’s annual average safety
threshold for ambient NO,.

Additionally, selectivity was evaluated to determine the relative
response of NO, to other common air pollutants gas (Figure 4f).
The sensor was exposed to 10 ppm for NO,, SO,, NO, HCHO,
NH;, CO and 0.1% CO,. The sensors based on Fe,GaTe, have ex-
cellent specificity for NO,. By utilizing an external magnetic field,
the need for an external heat source/light source is eliminated,
which reduces power consumption while improving gas sensing
performance. The long-term stability of the Fe,GaTe, based sen-
sor under 21 mT magnetic field is shown in Figure 4g. It could be
observed that the response values of the Fe,GaTe, based sensor
have only a slight fluctuation, indicating that the sensor has a su-
perior long-term stability under the action of a 21 mT magnetic
field.

The fabricated sensors based on Fe;GaTe, in this work ex-
hibit remarkable sensitivity to NO, at room temperature with
low power consumption (Figure 4h).[>-3% For ease of compari-
son, we uniformly adopt the performance of 1 ppm NO, as the
standard (Table 1). Thus, Fe,GaTe, nanoflakes demonstrate su-
perior room temperature NO, sensing properties including high
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response, low detection limit, and excellent cyclic stability. Exter-
nal magnetic fields offer an effective and promising strategy to
enhance the sensor performance including boosting response,
lowering detection limits, and reducing power consumption.

2.3. Mechanism

The working mechanism of 2D material-based chemiresistive
gas sensors is usually proposed based on the space charge layer
model.[“*3] The sensing material interacts with the gas for elec-
tron transfer, causing a change in the resistance of the material
to recognize the target gas. In our work, the sensor exhibits the
typical p-type sensing perporties and the R-T curve was displayed
in Figure S5 (Supporting Information). The core of the sensing
mechanism is that NO, molecules could capture the electrons on
the surface of Fe,GaTe, when contacting with the sensor. Upon
NO, removing, these electrons would be released back into the
material. In order to explore the reaction mechanism in depth,
we performed quasi in situ XPS tests on the material in the NO,.
The total XPS results showed that the changes were insignifi-
cant regardless of NO, presence (Figure 5a), indicating the over-
all chemical states of the material have not changed significantly
and exhibit structural stability. The high-resolution Fe 2p results
were shown in Figure 5D, the peaks had an overall shift to high en-
ergy when the material was exposed to NO,, suggesting that the
material loses electrons compared without NO,, which is con-
sistent with our previous speculation. Te 3d has no significant
change in chemical state in NO, (Figure 5c¢), suggesting that Fe
acts as the main electron donor and serves as the main response
site for NO, sensing. To confirm this point, we conducted theo-
retical calculations on different adsorption sites of the Fe;GaTe,
for NO, (Figure S6, Supporting Information). The Bader charge
results showed that the charge transfer between the material and
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Figure 5. a) Total, b) Fe 2p, and c) Te 3d XPS curves for Fe;GaTe, and Fe;GaTe,-NO,. d) Charge Difference Density of NO, on the top-Fe and top-Te sites

of Fe;GaTe, (Yellow and blue colors indicate the electron accumulation and depletion, respectively. The isosurface is set to 0.02e A=3).

e) The schematic

of magnetic moment and NO, adsorption changing with/without magnetic field. f) Field-dependent magnetization at 300 K for Fe;GaTe, in air and in

NO,.

NO, at the Top-Fe site (0.61 e) was stronger than that at the Top-Te
site (0.42 e). The results of Charge Difference Density indicated
that, under the same isosurface setting, the electron transfer be-
tween the Fe,GaTe, and NO, at the Top-Fe site was significantly
stronger than at the Top-Te site (Figure 5d). Consistent with the
XPS results, confirming the mechanism we proposed.

The mechanism of magnetic field-enhanced gas adsorption
capacity of magnetic materials can be understood in terms of
multidimensional synergy. First, the magnetic field can induce
an orderly arrangement of magnetic moments inside the mag-
netic material, and a uniform and enhanced localized magnetic
field is formed on the surface of the material. Compared with
the disordered state, the magnetically enhanced surface shows
a much stronger ability to trap paramagnetic NO, molecules.
This further increases the probability of NO, colliding with the
Fe,GaTe, surface (Figure 5e). This directly explains the decreased
pLOD under 21 mT magnetic field. The retention time of the gas
molecules on the surface of the material is also increased, which
is why the complete recovery speed of the sensor slows down as
the magnetic field enhancement, it is the currently proposed port
docking mechanism.['!] Second, the carriers are redistributed by
the Lorentz force under the action of the magnetic field, which
changes the interfacial barrier and improves the gas sensing per-
formance of the sensor.['*l Meanwhile, the Lorentz force leads to
enhanced scattering of charge transport, and the existence of an
interlayer potential barrier between adjacent nanoflakes, which
will polarize the surface charge distribution and increase the re-
sistance of charge carriers crossing the interlayer gap. Macro-
scopically, the base resistance R, of the sensor increases with the
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enhancement of the magnetic field. Importantly, we propose that
the improvement in the gas sensing properties of the material
may also be related to the change in magnetic properties under
different atmospheres, and in situ M-S curves of the Fe;GaTe,
with NO, were performed. When NO, molecule is adsorbed on
Fe site, the strong electronegativity of NO, could capture electron
from Fe site, leading to a change in the local magnetic moment of
Fe atom. This change in local magnetic moment further propa-
gates to the entire material system, reducing the Ms of Fe,GaTe,
from 6.86 emu g~! in air to 6.19 emu g~ in NO, (Figure 5f).
This results in a distinct difference in the magnetic response of
the material between air and NO,. Based on these, we propose a
novel mechanism to explain the magnetic field-enhanced sens-
ing performance, namely GAMVE. The core role of Fe,GaTe, in
GAMVE lies in its unique property of Ms decreasing in NO, at-
mosphere. Combining with the gas adsorption process, the effect
of the magnetic field on resistance changes in NO, is weaker than
that in air. Consequently, the rate of change in resistance during
the sensing increases accordingly, which in turn improves the gas
sensing performance, consistent with the results of the sensing
tests. It provides a novel research perspective and idea to reveal
the relationship between material magnetism and gas sensing.
Although, the interaction between gas molecule adsorption and
magnetism in this study exhibits subtle variations rather than
a strong 0-to-1 switching effect, the proposed GAMVE will help
elucidate the intrinsic mechanism underlying the electrical and
magnetic changes in this system upon gas exposure, providing
theoretical support for the development of next-generation gas
sensing technologies.
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3. Conclusion

In summary, we have utilized the unique advantages of the 2D
room-temperature magnetic material Fe,GaTe, to achieve high-
performance and low-power detection of NO, at room temper-
ature without an external heat or light source, which has not
been reported in previous gas sensor studies. High quality single
crystal Fe;GaTe, was synthesized using CVT, and the nanoflakes
were obtained by ultrasonically assisted liquid-phase exfoliation
in a water/ethanol mixed solvent. The Fe,;GaTe, nanoflakes sen-
sor exhibited an enhanced NO, response (S = 16) to 10 ppm
NO, under 21 mT magnetic at room temperature, which was
1.4 times higher than that without magnetic field. Meanwhile, a
lower actual detection limit (50 ppb) and a low-power consump-
tion (0.25 nW) can be observed by applying a 21 mT magnetic
field. This study revealed for the first time that the magnetic field-
enhancing effect for gas sensing is not only attributed to the or-
dering of magnetic moments and the redistribution of carriers,
but primarily originates from GAMVE. This solves the trade-off
between performance and energy for conventional materials and
provides a new strategy for developing next-generation gas sen-
sors.

4. Experimental Section

Growth of High-Quality Bulk Single Crystals of Fe;GaTe,: The synthe-
sis method of Fe;GaTe, with high-quality single crystals was the chemical
vapor transport (CVT) method.[*3] High-purity Fe, GaTe, and Te powders
were mixed in a molar ratio of 3: 1: 1, sealed with iodine beads (as the vapor
transport agent) in a 12 cm evacuated quartz tube. The evacuated quartz
tube was placed horizontally in a dual-zone tube furnace with a heating
rate of 2 °C min~', and maintained at 750 °C (hot end) and 700 °C (cold
end) for 6 days. After natural cooling to room temperature, the high-quality
single crystals of Fe;GaTe, were obtained.

Fe;GaTe, Nanoflakes by Liquid-Phase Exfoliation Method: The
Fe;GaTe, nanoflakes dispersion was prepared by the liquid-phase exfolia-
tion method, as shown in Figure 1. First, the bulk Fe;GaTe, crystals were
ground to reduce the thickness and lateral dimensions of the materials.
The ground material was then dispersed in a mixed solvent of water and
ethanol (the volume ratio of 3: 1) at a concentration of 0.5 mg mL™".
While maintaining an ice-water bath, it was subjected to continuous
probe sonication with 105 W output power (150 W x 70%) for 30 min
using a pulsed mode (10 s on / 10 s off) to prevent excessive heating.
This ultrasonic treatment facilitates the expansion of interlayer spacing
and weakening of interlayer van der Waals (vdW) forces, resulting in the
exfoliation of nanoflakes. The resulting dispersion is referred to as the
Fe;GaTe, nanoflakes dispersion and Fe;GaTe, nanoflakes powders were
obtained by freeze-drying.

Material Characterizations: The crystalline phases were characterized
by XRD (BRUKER D8 ADVANCE) with Cu Ka radiation (4 = 1.54 A) in a
20 range of 10°-80°. The morphologies of the samples were observed by
scanning electron microscope (ZEISS Ultra 55) and transmission electron
microscopy (FEI Talos F200X). The composition and chemical state of the
samples were investigated by XPS (Thermo Fisher NEXSA). Raman spec-
tra were tested at 532 nm excitation wavelength (Renishaw inVia). X-ray
photoelectron spectroscopy (XPS) was obtained by Thermo SCIENTIFIC
ESCALAB Xi+, and using C1s at 284.8 eV as a reference. Magnetometry
measurements and resistance-temperature (R-T) curve were carried out
with the Quantum Design PPMS.

Fabrication and Measurement of the Gas Sensor: A 10 uL dispersion of
Fe;GaTe, nanoflakes was drop-cast onto Ag/Pd interdigitated electrodes
(IDEs) with a 200 um electrode gap. The sensor was subsequently dried
and could then be used for gas-sensing measurements. The real-time re-
sistance value of the sensors was monitored by a source meter (Keithley
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2450) at room temperature (225 °C, 30% RH). The external magnetic field
was achieved by placing the sensor between two identical magnets, and
the magnetic field intensity was adjusted by altering the magnet param-
eters. The gas preparation details are shown in Supporting Information.
Mathematically, the response (S) is denoted as S = R, /R, to NO,, where
R, and R, represent the resistance of the sensor in air and the target gases,
respectively.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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