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ARTICLE INFO ABSTRACT

Editor: Dr Xianwei Liu A single SMO limits the adsorption of gas, resulting in poor performance of the gas sensor. Herein, two-

dimensional (2D) graphitic carbon nitride (g-C3N4) were modified on ZnFe;O4 microspheres as efficient gas

Keywords: sensing materials via hydrothermal route. The modification of g-C3N4 can alter the energy band structure of
ZnFe;04 ZnFey04, resulting in an increase in the bandgap, thus, effectively optimizing the carrier concentration in
G'.C3N“ ZnFe04 and elevating the baseline resistance of ZnFe»04/g-C3N4 microspheres. The sensor based on ZnFe204/g-
r:z:z;ih:el:sor C3N4-20 microspheres (mass ratio of ZnFepO4: g-C3N4 =10:2) had a higher response value (53.3) which was 3.4
Heterojunction times higher than that of ZnFe;O4, better selectivity and rapid response/recovery speeds towards 100 ppm

acetone, as well as a low detection limit of 255 ppb. The enhanced performance of ZnFe;04/g-C3N4 microsphere
could be ascribed to the catalysis of C3Ny4, regulating the energy structure, and heterojunction formation between

ZnFey04 and g-C3Ny4. Thus, this work demonstrated their promising applications in various fields.

1. Introduction

Acetone is a colorless volatile organic compound. As a commonly
used reagent, it is widely used in semiconductor and chemical fields.
However, inhaling 300-500 ppm of acetone for 5 min may cause irri-
tation [1]. And prolonged exposure to acetone can cause headache,
muscle weakness, nausea, and other symptoms. Meanwhile, acetone can
be used as a biomarker in the field of medical testing [2,3]. The acetone
concentration exhaled by diabetic patients usually exceeds 1.8 ppm,
while that for healthy people should be lower than 0.9 ppm [4,5].
Therefore, it is necessary to detect acetone with sensitivity, selectivity
and low limit of detection for protecting people’s health and safety.

In recent years, the nanomaterials based on semiconducting metal
oxide (SMO) have made significant progress in gas-detecting field due to
their low cost, easy synthesis, high responsiveness, and fast response
speed [6,7], and they show great potential in detecting various gas. It
has been previously reported that a variety of SMO-based nanomaterials
are promising candidates for acetone detection [8-10]. For example,
Zhang et al. used ZIF-67 (zeolite imidazolate framework-67) to synthe-
size hollow nanocages, which showed a high response to acetone [11].
However, the sensing performance of acetone needs to be improved,
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especially in terms of selectivity and operating temperature. Therefore,
different strategies can be used to improve the gas sensitivity of SMO,
including pore formation [12], heterostructure construction [13], and
catalyst loading [14].

Among them, the surface modification is the most widely accepted
method to improve the gas sensing ability of SMOs. The effect of surface
modification is usually expressed as electron sensitization, which orig-
inates from the flow of carriers between the host material and the
modified material. According to the recent research on n-SnO; nano-
wires functionalized with n-WOj3 nanoparticles, it was found that the
modulation of electron conduction channel has a significant impact on
gas-sensing performance, suggesting that inhibition of nanowires con-
duction channel can enable selective detection of reducing gases [15]. In
addition, the surface modification can change the electronic energy
band structure of the material and cause the band gap to change, thereby
effectively optimizing the carrier concentration in the host material and
regulating the baseline resistance of the sensor.

More recently, as a kind of spinel-type binary metal oxide, zinc
ferrite (ZnFe304) has received great interest due to its outstanding
properties in solar cells [16], Li-ion batteries [17], water splitting [18],
gas sensing [19], biosensing and so on. ZnFe;04 possessing a relatively
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narrow bandgap of 1.9 eV is a good candidate for environmental
detection [20]. However, the single-component materials have the
disadvantage of rapid charge recombination and limited oxygen
adsorption. To enhance gas sensing properties, more and more concerns
have focused on the hybrid heterojunctions constructed by different
semiconductors with well-matched band alignments [21]. For instance,
Qu et al. prepared porous mixed Co304/NiMoQy4 core-shell nanowires
for high-performance xylene detection [22].

Recently, a metal-free two-dimensional (2D) n-conjugated polymer,
g-C3Ny4 has become a research hotspot due to its flexible structure, rich
defect, visible-light adsorption ability, ease of synthesis, and low eco-
nomic cost [23,24]. It has a suitable band gap of 2.7 eV as a gas-sensing
material [25,26], and its lamellar structure is conducive to gas adsorp-
tion. However, the gas sensing performance of g-C3Njy is limited because
of its high carrier recombination rate and low specific surface area.
Fortunately, due to the well-crystallized lamellar structure, g-CsN4 can
easily anchor and coat on the surface of other base materials to form
heterojunctions, which were proven to be effective in gas detection [27].

In the present work, the hetero-structural nanomaterial (ZnFe;04/g-
C3N4) made by coupling the ZnFe;O4 microsphere with different
amounts of g-C3N4 was reported. A series of characterization results
showed that the surface of ZnFe;O4 microspheres was successfully
decorated with g-C3N4 nanosheets. The gas-sensing tests for pure
ZnFe;04 and the composites were performed and discussed in detail.
The results showed that compared with pure ZnFe;O4 microspheres, the
acetone sensing ability of ZnFey04/g-C3N4 microspheres was signifi-
cantly improved. Moreover, a detailed possible mechanism for acetone
sensitivity over ZnFe;04/g-C3N4 composite was proposed.

2. Material and methods
2.1. Materials

Ferric nitrate (Fe(NO3)2-9 Hy0), zinc nitrate ((ZnNO3),-6 H,0) and
melamine were provided by Beijing Chemicals Co., Ltd. Glycerol and
isopropanol were obtained from Tianjin Fuyu Fine chemical Co., Ltd.

2.2. Synthesis of g-CsN4

The bulk g-C3N4 powder was prepared by thermal condensation of
melamine. The specific synthesis included a two-step continuous calci-
nation process. First, a certain amount of melamine was heated to 500 °C
for 2 h at 10 °C/min. Then, it was heated to 520 °C with a rate of 2 °C/
min and maintained for another 2 h. The resulting yellow product was
collected and ground into fine powder for further use.

2.3. Preparation of ZnFe;04/g-C3N4 nanocomposites

Firstly, 0.076 g Fe(NO3)2-9 Hy0 and 0.028 g (ZnNOg3)2-6 Hy0 were
dissolved into a colorless solution contained 30 ml of isopropanol and 6
ml of glycerol under vigorous stirring. After 20 min, the obtained g-C3N4
with different amounts (10, 20, 30 and 40 wt%) were added into it. The
suspension was then hydrothermally treated at 180 °C for 6 h in a re-
action kettle with a volume of 40 ml. The precipitate was obtained by
centrifugation and drying. Finally, ZnFey04/g-C3N4 nanocomposites
were synthesized by annealing the precursor in air with the condition of
400 °C and 2 h. The four samples are named ZnFe204-10, ZnFe304-20,
ZnFe304-30 and ZnFe304-40, respectively, for convenience.

2.4. Characterization

The X-ray diffraction (XRD) test was carried out in the range of
10-80° using Cu Ko radiation (A = 1.5418 Z\; Rigaku TTR-III). The
morphology images were obtained using a scanning electron microscope
(SEM; JEOL JSM-7500 F) with an acceleration voltage of 5 kV. TEM
(transmission electron microscope) images, the energy dispersive
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spectroscopy (EDS) and elemental mappings were characterized using
JEOL JEM-3010. UV-1700 spectrophotometer was used to obtain the
UV-vis spectra of the samples. Photoluminescence (PL) spectra were
tested using F-4600 florescence spectrophotometer (Xe lamp; excitation
at 325 nm). Fourier transform infrared spectra (FTIR) were recorded on
a FTIR absorption spectrometer (Thermo Scientific iS50 ATR). X-Ray
photoelectron spectroscopy (XPS) was tested using VG ESCALAB MK II
spectrometer (Mg Ko; 1253.6 eV).

2.5. Manufacturing and testing of the sensors

First, the prepared powder of ZnFe;04 or ZnFep04/8-C3N4 was mixed
with deionized water at 1:4 by weight and ground into a uniform slurry.
The paste was then evenly coated on the surface of a hollow ceramic
tube with a pair of Au electrodes and Pt leads. The four Pt leads of the
ceramic tube were welded to a hexapod socket, and a Ni-Cr heating wire
was welded to the center of the tube to supply operating temperature.

The resistance change of the device was monitored by an intelligent
gas-sensing analyzer (CGS-8; Elite Technology, Beijing) under atmo-
spheric condition (25 °C, ~30 RH%). For the devices based on n-type
materials, the response value (S) is calculated by Ra/Rg, where R, and Rg
are the resistances of the device in air and the detected gas, respectively.
The response/recovery time is the time elapsed from the initial point of
the resistance change to 90% of the total change.

3. Results and discussion
3.1. Characterization

Fig. 1a shows the XRD patterns of g-C3N4, ZnFeyO4 and ZnFe;04/g-
C3N4 composites. The peaks of pure ZnFe;O4 at 20 = 29.9, 35.3, 42.8,
56.6 and 62.2° were indexed to the (220), (311), (400), (511) and (440)
of the franklinite structured ZnFe;O4 phase (JCPDS 22-1012) [28]. For
the pure g-C3Ny4, the two characteristic peaks at 27.42° and 13.08° can
be indexed as (0 0 2) and (1 0 0) planes [29,30]. For the ZnFep04/8-C3N4
composites materials, the feature peaks of both g-C3N4 and ZnFe;O4
phases were detectable. The intensity of the peak indexed to (0 0 2)
plane of g-C3Ny in the composites gradually increased with the increase
of g-C3N4 content. Moreover, there is no diffraction peak of other crystal
impurities.

The light absorption properties of g-C3Ny4, ZnFe;O4, and ZnFe;04/g-
C3Ny4 hybrids were measured by UV-vis DRS, as shown in Fig. 1b. It was
clearly seen that all the as-prepared nanomaterials showed fundamental
absorption in visible light region. Compared with pristine g-C3Ny4, the
band edge of ZnFe;04/g-C3N4 showed redshift. The observed redshift in
the composite may be attributed to their interfacial interaction [31]. The
band gap (Eg) of the samples can be calculated [32], and the results are
shown in the inset of Fig. 1b. The estimated direct band-gap values are
1.90, 2.08, 2.19, 2.41, 2.62 and 2.70 eV, which correspond to sample
ZnFe504, ZnFep04-10, ZnFey04-20, ZnFey04-30, ZnFey04-40 and pure
g-C3Ny. Thus, it can be concluded the g-C3N4 modification will increase
the band gap in ZnFep04/g-C3N4 samples.

Fig. 1c showed the FT-IR spectra of the ZnFeyO4, g-C3Ny4, and
ZnFey04/g-C3N4 composites in 4000-500 em ™! region. There is a peak
located at 806 cm ™}, which results from characteristic breathing triazine
units. And the peaks in the range of 1246-1634 cm™* are derived from
bridging C-NH-C units or trigonal C-N(-C)-C (full condensation) [33].
Additionally, the peak at 571 cm™! appeared in the samples containing
ZnFey04, which was assigned to the tetrahedral FeOg groups of
spinel-type compounds.

As shown in Fig. 1d, the PL measurements of ZnFe;04, g-C3N4 and
ZnFe;04/g-C3N4 composites were carried out with the excitation
wavelength of 325 nm to study the properties of photo-excited charge
carriers [34]. It is clearly seen that, the ZnFe;O4, g-C3N4 and
ZnFe504/g-C3N4 had strong emission peaks centered at about 460 nm,
resulting from the recombination of carriers. And the intensity of PL for
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Fig. 1. (a) Powder X-ray diffraction patterns; (b) UV-vis diffuse reflectance spectra; (c) Fourier transform infrared (FTIR) spectra in the range of 4000 - 500 cm™
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Fig. 2. Typical SEM images of (a) pure g-C3Ny; (b) pristine ZnFe,O4 microsphere; (c) ZnFe;04-10; (d) ZnFe;04-20; (€) ZnFe,04-30; (f) ZnFe,04-40.
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the composites decreased significantly with the introduction of g-C3Ny,
which is attributed to the transfer of excited electrons between the
g-C3N4 and ZnFe,0y4, indicating the formation of heterojunction [35]. It
was clearly observed that ZnFe;04-20 and ZnFe»04-30 samples had the
lower peak intensity compared with other samples due to the low
recombination rate of the photo-generated carriers.

The SEM and TEM were employed to investigate the microstructures
of the g-C3N4, ZnFe304, and ZnFey04/g-C3N4 samples (Fig. 2 and Fig. 3).
It can be found in Fig. 2a that the g-C3N4 showed a morphology of
several crumpled graphene-like stacking layers. As shown in Fig. 2b-f,
ZnFe04 and ZnFe;04-10, 20, 30, 40 samples possessed the spherical
nanostructure with an approximate diameter of 250-350 nm. The rough
surface of the samples implied that these microspheres were built from

100 nm
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plenty of original nanoparticles, and hence they can effectively enhance
the gas sensing performance [36]. Fig. 3a and b exhibited the interior
structures of pure ZnFe;04 and ZnFe;04-20 microsphere by TEM anal-
ysis, respectively. The dark edges and relatively bright center in Fig. 3a
demonstrated the hollow structure of pure ZnFe;O4. It can be seen in
Fig. 3b, the ZnFey04 hollow spheres turned into solid structures after
introducing g-C3N4. And the lattice fringes in the high-resolution TEM
(HRTEM) were 0.320 nm and 0.254 nm (Fig. 3c), corresponding to the
(002) plane of g-C3N4 and (311) plane of ZnFepOy4, respectively. In
addition, the corresponding EDS mapping images for a representative
ZnFe504/g-C3N4 microsphere were illustrated in Fig. 3d—i, from which
one could clearly see that the elements Zn, Fe, N, C, and O distribute
homogeneously and uniformly. As shown in Fig. 3j, the EDS elemental

Fe

Cu Zn
Cu Zn

4 6
Energy (keV)

a A

10

Fig. 3. (a) and (b) TEM images of hollow ZnFe,04 microsphere and ZnFe,04-20 microsphere; (c) HRTEM image taken from (b); (d) Scanning TEM image of ZnFe,04-
20; (e)-(i) The elemental mapping extracted from STEM-EDX showing the distribution of the compositional elements (C, N, O, Zn and Fe); (j) Spots pattern of

ZnFe;04-20 microspheres.
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spectrum showed that the ZnFe;04-20 sample was mainly composed of
Fe, Zn, C, O, and N elements in the composites.

To study the elemental composition, the XPS test was performed
(Fig. 4). Fig. 4a shows the XPS spectrum of the ZnFe;04-20 composite,
indicating the coexistence of N, C, O, Fe, and Zn elements. The surface
state of oxygen has an important impact on the sensing behavior of
semiconductors. It can be seen from Fig. 4b that the high-resolution
spectrum of O 1 s can be well fitted into three characteristic spectral
lines, corresponding to the surface lattice oxygen (Oy, 530.1 eV), oxygen
vacancies (Oy, 531.1 eV) and chemisorbed oxygen (Oc, 532.5 eV) of
ZnFey04 [37]. It is obvious that the surface of the composite has a high
ratio of Oy and Oc, which is beneficial for the surface sensing reaction
[38]. As shown in Fig. 4c, the two main peaks of Fe 2p spectra were
centered at 711.3 eV and 725.4 eV, which are attributed to the states of
Fe 2p3/5 and Fe 2p; /2 in ZnFey04 [39]. Fig. 4d shows that the signal peak
of Zn 2p3/» and Zn 2pj,2 in the Zn element located at 1022.8 and
1045.9 eV, respectively [40]. The N 1 s spectrum are divided into three
peaks at 400.6 eV, 398.5 eV, and 399.3 eV, which can be assigned to
C-N-H group, the C=N-C and sp3 hybridized nitrogen atoms (N-(C)3),
respectively [41]. In C 1 s spectrum (Fig. 4f), two distinct peaks were
located at 284.6 eV and 288.3 eV, corresponding to sp*-hybridized
carbon and the carbon bonded with N = C-N [42]. Thus, the XPS results
further confirmed the construction of ZnFey04/g-C3N4 composites.

3.2. Gas-sensing properties

In order to explore the effect of C3N4 modification on the gas sensi-
tivity of ZnFey04, we tested the sensing performance of ZnFe;04-10,
ZnFe504-20, and ZnFey04-30 with pure ZnFe;Oy4 as a reference.

The surface reaction and gas adsorption process of SMOs are highly
dependent on temperature. Therefore, we first measured the response of
the samples to acetone at different working temperatures to determine
the optimal working temperature. The radar chart in Fig. 5a shows the
response of ZnFe;04, ZnFey04-10, ZnFey04-20, and ZnFe304-30 in the
temperature range of 119.3-230 °C. Pure ZnFey04 microspheres-based
sensor has a mediocre response to 100 ppm acetone (R,/Rg=15.6).
However, the response performance of ZnFe;O4 microspheres modified
with g-C3N4 is obviously improved. Compared with pure ZnFeyOy,
ZnFe304-20 sample shows a higher response to acetone at 161 °C, with a
3.4-fold increase in response value (R./Rg=53.3), clearly confirming
that the modification of C3N4 can significantly enhance the response of
the sensors to acetone. However, the further increase of g-C3N4 content
leads to a decrease in response of the composites. It is mainly due to the
decrease of gas-sensing sites on the surface of ZnFe,04 caused by the
excessive coverage of g-C3Ny4 [43]. Besides, Fig. 5b shows the relation
curve between operating temperature and response to 100 ppm acetone.
All curves show a trend of first increasing and then decreasing at
119.3-230 °C [44].

Fig. 5c is the curves of the baseline resistance of the C3N4-ZnFeyO4
MSs and the pure ZnFe;04 with the operating temperature. The resis-
tance of the four sensors is negatively correlated with the operating
temperature, which is consistent with the relationship between the
resistance of the semiconductor and the temperature. Meanwhile, the
resistance of four sensors follows an order of ZnFe;04-30 (248 MQ)
> ZnFe304-20 (160 MQ) > ZnFe304-10 (139 MQ) > ZnFey04 (58 MQ).
As the amount of g-C3N4 modification increases, the resistance of the
sensor rises, which may be attributed to the following factors. First, the
potential barrier formed at the heterojunction interface and the electron
depletion layer (EDL) on the g-C3N4 side play a negative role in the
transport of electrons, as shown in Fig. 7b. In addition, the grain
boundary barrier between g-C3Ny4 is also abundantly present in the
composite. When the crystal grains are in contact with each other, the
formation of the potential barrier will control the resistance of the ma-
terial, thus causing g-C3N4-ZnFepO4 MSs to exhibit a high resistance
state.

The 3D histogram in Fig. 5d shows the response of pure ZnFe,04 and
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C3N4 modified ZnFe;O4 microsphere to 100 ppm gases at 161 °C. The
ZnFe504-20 sensor has a higher response to acetone while a relatively
low response towards ethanol, xylene, toluene, formaldehyde and ben-
zene. However, pure ZnFe;O4 sensor has no obvious selectivity to a
specific gas. The possible mechanism of selective enhancement could be
explained as follows. First, the electron accumulation layer on the
interface of the composite material promotes the chemical adsorption of
oxygen [45]. Second, the g-C3N4 nanosheets on the surface of ZnFe;O4
can be used as active sites for catalyzing carbonyl or dehydrogenation
reactions [46].

Fig. 6a exhibits the dynamic resistance transient of the ZnFe,04-20
sensor at the range of 0.5-100 ppm acetone at 161 °C. The curve shows
an approximate rectangle, and the response increased with the increased
acetone concentration. Therefore, the sensor showed good acetone-
detecting characteristics. Fig. 6b displays the changing law of the
response with the increase of acetone concentration. The ZnFe;04-20
sensor shows a rapid growth trend in the range of 1-50 ppm. However,
the response increases slowly at a high concentration (50-500 ppm). As
the acetone concentration increases, more molecules can be absorbed on
the material surface and react with oxygen, resulting in increased
response. However, as the concentration increases further, the response
of the sensor tends to be saturated because a balance between the types
of oxygen re-adsorbed and consumed can be achieved. In addition, the
response to the low acetone concentration (0.5-10 ppm) at 161 °C can
be seen in the inset of Fig. 6b. The result shows that the increase in
response is linear, indicating that the sensor has potential application
prospects in gas quantitative measurement. After calculation, the noise
(RMSD) of the sensor is 0.183. According to the International Union of
Pure and Applied Chemistry (IUPAC) standard, when the signal-to-noise
ratio is greater than 3, the signal is considered true. Thus, the theoretical
limit of detection to acetone is calculated to be 0.255 ppm with a slope
of 0.58 ppm’1 [471].

To study the repeatability and stability of the sensor, we measure the
dynamic acetone response and cycle performance. It can be seen from
Fig. 6¢ that after 50 consecutive tests, the response is almost constant,
indicating that the sensor has good robustness. We also study the dy-
namic 5 cyclic sensing transients of the ZnFe;04-20 sensor to 100 ppm
acetone (the inset of Fig. 6¢). The sensor shows good response and re-
covery characteristics and good repeatability. As shown in Fig. 6d, the
resistance of the ZnFe;04-10 composite (135 MQ) is higher than that of
ZnFe;04 microspheres (59 MQ). HRTEM and XRD results show the
presence of g-C3N4 on the surface, which will form the n-n hetero-
junction, resulting in an increase in the resistance of the composite. The
response/recovery time of the sensor based on ZnFe;04-20 to 100 ppm
acetone is 17/21 s, respectively, while that of sample ZnFe204 is 2/30 s

Table S1 (Supporting Information) lists the acetone-sensing proper-
ties reported in the literature. The ZnFe;04-20 microspheres in this work
show a higher response (53.3 to 100 ppm acetone) and good selectivity.
Compared with the other sensors, ZnFe;04-20 microspheres have a
relatively high response at moderate working temperature, which makes
our sensors more competitive. For example, Fan et al. report that the
sensor based on Co304 nanoparticles exhibit a response of 7.7 to 50 ppm
acetone at 200 °C [48]. Although the operating temperature is relatively
low, the response still needs to be improved. The W;g049/TizCoTx
Mxene nanocomposite reported by Sun et al. can detect 20 ppm of
acetone at 300 °C with a response of 10.5, but the operating temperature
is as high as 300 °C, which limits its application [49].

3.3. Gas-sensing mechanism

The sensitive processes of SMOs usually include the adsorption of gas
molecules, the reaction between measured gas and absorbed oxygen,
and the electron transfer in the sensing material [50]. When n-type
ZnFey04 is in air, the oxygen on the ZnFeyO4 MSs are ionized into ox-
ygen species as O~ at 161 °C by trapping electrons, thereby generating
an electron depletion layer and lowering the conductivity of the sensor.
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Fig. 6. (a) Dynamic gas sensing transients of ZnFe;04-20 sensor to 0.5-100 ppm of acetone; (b) responses to acetone as a function of concentration at 161 °C and the
inset in (b) show the response in the low concentration of acetone (0.5-500 ppm); (c) the response of ZnFe,04-20 sensor to 100 ppm acetone at 161 °C versus cycle
number and the inset in (c) show reproducibility of ZnFe;04-20 on successive exposure to 100 ppm of acetone. (d) Dynamic resistance changes transients of the four

sensors toward 100 ppm acetone at 161 °C.

Then, when the sensor is exposed to a reducing gas (acetone), the target
gases will react with the adsorbed oxygen species and release electrons
to the surface of the material, causing the sensor resistance to increase.
The whole sensing process can be expressed as the following equations
(Egs. (1)-(4)) [3,511]:

02 (gas) = O2 (ads) (€]
O3 (ads) + € = O3 ads) (T < 100 °C) 2
03 (agsy + € = 2 07 (aa) (100 °C < T < 300 °C) 3)
C3HeO (ads) + 8 O™ (ads) = 3 CO» + 3 Hy0 + 8 & 4

Compared with pure ZnFeyO4 MSs, ZnFey04/g-C3N4 composites
have better sensing performance, which could be caused by synergistic
effects of the heterostructure, the catalysis of g-C3Ny4, and regulating the
energy band structure. First, the heterojunction is the important factor
to improve the response. According to the reported results, the

conduction band (CB) edges of ZnFe;O4 and g-C3N4 are — 0.2 and
— 1.28 V vs. NHE (Normal Hydrogen Electrode), respectively [52,53].
Combined with the bandgap value obtained by UV-vis test, the energy
band diagram of ZnFe;04 and g-C3Ny4 is shown in Fig. 7a. In the com-
posite, due to the difference in work function (ZnFeyO4: 5.46 eV [54],
g-C3N4: 4.21 eV [55]), electrons will transfer from g-C3N4 to ZnFeyOq4
until the Fermi levels are equal, forming an electron depletion layer
(EDL) and an electron accumulation layer (EAL) at the interface,
respectively. Fig. 7b illustrates the energy band structure of the n-n
heterojunction. It can be seen that the potential barrier established at the
heterojunction and the EDL on the g-C3N4 side hinder the transfer of
electrons on the composite, further leading to more obvious changes in
the potential barrier and resistance before and after exposure to acetone.
In addition, the HAL on the ZnFe;04 side could make the electrons on
the surface the important location for oxygen chemisorption [56], thus
greatly promoting the acetone-sensing reaction on the surface of
ZnFe204/g-C3N4.
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Fig. 7. Schematic energy band diagram illustrating the effect of g-C3N4 modification on acetone sensing.

Second, the g-C3N4 can also selectively catalyze the oxidation of
methyl at a high temperature of 100-200 °C [47]. Third, according to
the UV-vis DRS shown in Fig. 1b, the calculation results show that
compared with unmodified ZnFe;0y4, the bandgap of ZnFe;04/g-C3Ny
tends to increase (2.08-2.62 eV). Therefore, under the same conditions,
the air baseline resistance (Ra) of g-C3sN4-modified ZnFe,04-based sen-
sors is generally higher than that of pure ZnFe;04-based sensors [57].
Subsequently, when the sensor is exposed to acetone, the
ZnFe304/g-C3N4 sensor will have a higher resistance change, which will
eventually lead to a higher response than pure ZnFeyO4.

4. Conclusions

In summary, we prepared the ZnFe;04/g-C3N4 microspheres-based
sensors with high sensitivity and selectivity for acetone detection.
ZnFe;04/8-C3N4 microspheres have a pleated structure composed of a
large number of nanoparticles, which significantly provided abundant
gas diffusion channels. Furthermore, the modification of g-C3Ny4 suc-
cessfully increased the band gap of ZnFe;Oy4, thereby effectively opti-
mizing the carrier concentration in ZnFe»04 and increasing the baseline
resistance of ZnFe;04/g-C3N4 microspheres. The experiment results
demonstrated that the ZnFe;04-20 microspheres had good gas-sensitive
properties to acetone, including good selectivity and linear response.
The enhanced gas sensing properties could be ascribed to the catalysis of
g-C3Ny, regulating the energy structure, and heterojunction formation
between ZnFe;04 and g-C3Ny4. This work could not only provide a
feasible route for the synthesis of ZnFe;04/g-C3N4 microspheres but also
prove that g-C3N4 modification is an effective strategy for the develop-
ment of the ZnFe;O4-based functional materials, especially for gas
detection.
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