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ABSTRACT: We report a room-temperature NH3 gas sensor with high response
and great long-term stability, including CeO2 NPs conformally coated by cross-linked
PANI hydrogel. Such core−shell nanocomposites were prepared by in situ
polymerization with different weight ratios of CeO2 NPs and aniline. At room
temperature, the nanohybrids showed enhanced response (6.5 to 50 ppm of NH3),
which could be attributed to p−n junctions formed by the intimate contact between
these two materials. Moreover, the stability was discussed in terms of phytic acid
working as a gelator, which helped the PANI sheath accommodate itself and enhance
the mechanical strength and chemical stability of the sensors by avoiding “swelling
effect” in high relative humidity. The sensors maintained its sensing characteristic
(response of ca. 6.5 to 50 ppm of NH3) in 15 days. Herein, the obtained results could
help to accelerate the development of ammonia gas sensor.
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1. INTRODUCTION
Among the toxic gases of interest, ammonia is a prominent
instance for its wide usage in industrial coolant and IC
manufacturing.1 In addition, ammonia pollutions through three
major origins including aerosols from atmospheric depositions,
ammonification by nitrogen cycle and combustion of chemical
materials will cause dramatic environmental problems in daily
life.2 Therefore, there is a practical meaning to fabricate
sensitive, stable, and low-cost sensors ensuring NH3 monitor
working at room temperature for the prosperous applications of
environmental surveillance. Although inexpensive and stable
metal oxide (MOX)-based ammonia sensors have already been
extensively researched and manufactured, obvious drawbacks
such as high working temperature or low selectivity make it
unsuitable for monitoring ambient conditions.3−5

Meanwhile, the low operating temperature and high response
were observed from the conducting polymer (CP) NH3
sensors, but their intrinsic unstability restricts their real
applications.6−10 Thus, further work should be performed to
improve the long-term performance of organic polymer before
real applications. Recently, CP hydrogel has already been
demonstrated in energy storage material11,12 and biosen-
sors13,14 because of its porous structure, high electrical
conductivity, large mechanical strength and great long-term
stability. The cross-linked PANI hydrogel could be made using
additive “gelators” working as a nanoscaffold to enhance the
polymer framework. It has been reported that pure PANI
hydrogel showed superior cycling performance in super-
capacitors by avoiding swelling and shrinking during intensive

charging and discharging process.11 It is expected that using
PANI hydrogel can also function as NH3 sensors with high
sensitivity, fast response, together with great stability especially.
Furthermore, to possess the advantages of not only highly

stable inorganic materials such as MOX, noble metal, and low-
dimensional carbon material but also organic CP with great
synthetic versatility and low operating temperature, different
kinds of active materials based on organic−inorganic hybrids
have been extensively fabricated such as one-dimensional
coaxial nanowires of SnO2/PPY, CNT/PANI and MoS2/
PANI,15−18 two-dimensional nanosheets including reduced
graphite oxide/PANI and graphite oxide/PANI,19,20 and
three-dimensional hierarchical nanostructures, e.g., iron
oxide/PEDOT:PSS, PE-co-GMA/PANI, Pd/PANI, and β-
AgVO3/PANI.21−24 In order to synthesis these hybrid
materials, layer-by-layer self-assembly,25 vapor-deposition,15,26

electrodeposition,27 and electrospinning route28,29 have been
used for their higher adhesive strength and ultrathin film
deposited on different substrates. Recently, in situ polymer-
ization in the presence of inorganic materials has caught much
attention for its low cost.21,30,31 What’s more, even if
conducting polymers are generally insoluble and show low
hydrophilicity, CP hydrogel can be prepared in aqueous media
with cross-linker by in situ polymerization.12 In this work, we
report a facile in situ polymerization method to synthesis CeO2
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NP@PANI hydrogel nanohybrids by using phytic acid worked
as gelator and dopant simultaneously. The n-type core CeO2
NPs, together with the conformally coated p-type PANI
hydrogel shell, formed a resistive p−n junction that could help
the realization of highly sensitive, fast-response NH3 sensor
with great long-term stability at room temperature. The sensing
response was not changed after 15 days, in contrast to a 40%
degradation of the sensing response after 4 days in ref 10.

2. EXPERIMENTAL SECTION
2.1. Materials. Aniline (purchased, analytical purity, Sinopharm

Chemical Reagent Co., Ltd.) was distilled under reduced pressure
before use. Ammonium peroxydisulfate (APS, (NH4)2S2O8), ammo-

nium hydroxide (25%), phytic acid (50%, wt/wt in water, aladdin),
ceric ammonium nitrate, polyvinylpyrrolidone (PVP K30), and ethyl
alcohol were all of analytical purity and used without further
purification.

2.2. Synthesis of CeO2 Nanoparticles. First, 0.54 g (1 mmol) of
ceric ammonium nitrate was dissolved in 3 mL of deionized (DI)
water, and then 3 mL of ethyl alcohol, 0.315 g of PVP, and 0.07 mL of
ammonium hydroxide were successively added into the solution. The
solution was stirred for 10 min and then poured into a 20 mL Teflon-
lined autoclave heated to 200 °C for 12 h. The reacted precipitate was
cleaned with DI water and ethanol several times and then dried at 60
°C for 12 h. The dried CeO2 nanoparticles were thermally treated at
500 °C for 3 h in air, and the CeO2 nanoparticles were then obtained.

Figure 1. (a, b) SEM images of CeO2 nanoparticles and pure PANI hydrogel cross-linked by phytic acid. (c, d) SEM images of core−shell structure
of CPA4 in both low and high magnification.

Figure 2. (a) Typical TEM image of CeO2 nanoparticle (SAED pattern in inset). (b,c, e, f) TEM images showing different coating thicknesses of
PANI on the CeO2 nanoparticle of CPA0.5, CPA2, CPA4, and CPA6. (d) XRD patterns of pure PANI, CeO2, and CeO2@PANI hybrids.
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2.3. Synthesis of CeO2 NP@PANI Hybrid. In a typical synthesis,
0.0715 g (0.3125 mmol) of APS was dissolved in 0.5 mL of DI water
(solution A). Solution B was prepared by mixing 0.690 mL (1 mmol)
of phytic acid, 0.069 mL (0.75 mmol) of aniline, 0.27 g of CeO2
nanoparticles and 4.5 mL of DI water. The A and B solutions were
mixed quickly and then continued to react under ultrasonic treatment.
After 5 min, the as-derived gelation as shown in Figure S1a in the
Supporting Information were washed with DI water by vacuum
filtration several times and dried at 50 °C for 24 h. Moreover, various
samples were also prepared with different ratio of CeO2 NPs and
aniline to study the structures and morphologies of CeO2 NP@PANI.
The weight feed ratio of CeO2 to aniline was varied as 0.5, 2, 4, and 6,
and the resulting composites were denoted as CPA0.5, CPA2, CPA4,
and CPA6, respectively. For reference, pure PANI hydrogel-doped by
phytic acid was also prepared as control.
2.4. Characterization. The as-prepared nanocomposites were

studied by field emission scanning electron microscopy (CARL ZEISS
Supra55) and transmission electron microscopy (JEOL2100). X-ray
diffraction (XRD) patterns were recorded using Philips Xpert PRO
system with CuKα radiation from the range of 20−80°. Fourier
transform infrared (FTIR) spectrogram was tested by Thermo Nicolet
360. Thermogravimetric analysis (SDT_Q600), elemental analysis
(Vario EL III), and X-ray spectroscopic (EDS) were also conducted to
measure the PANI content. The electric properties were investigated
through two probes by using semiconductor parameters analyzer
(Agilent 4156C).
2.5. Sensor Performance Measurements. Sensor fabrication

was similar to our previous report with proper modification (see the
Supporting Information for details).32 Gas sensing properties were
tested by NS-4003 precision sensor analyzer (China Zhong-Ke
Micronano IOT Ltd.) at room temperature. The response S of the
sensor is defined as S = R0/Rg, where R0 is the initial resistance in air
and Rg in the mixed gas of NH3 and air.

3. RESULTS AND DISCUSSION

Panels a and b in Figure 1 showed typical SEM images of CeO2
NPs and PANI hydrogel, respectively. The products of CeO2
consisted of highly uniform particles with the size about 250
nm, whereas the CP hydrogel showed 3D dendritic
interconnected nanofibers with diameters of approximately
150 nm. The roughness of CeO2 surface observed in the TEM
(Figure 2a) was ascribed to the annealing, which eliminated the
byproducts of CeO2. Moreover, SEM images also showed the
walnutlike rough matrix morphology of PANI hydrogel on the
surface of CeO2 (Figure 1c, d), and the rough PANI shell on
the surface had a large specific area and thus enhanced the
contact area with gas, which enhanced the sensor property.33

The conformality of CeO2/PANI nanostructure of CPA4 was
also confirmed by energy-dispersive X-ray spectroscopic (EDS)
elemental maps of Ce, O, N, and C from the designated areas
in Figure S1b, c in the Supporting Information.
The coating thicknesses of PANI on the CeO2 NPs of

CPA0.5, CPA2, CPA4, and CPA6 decreased from ca. 55 to 25
nm as shown in the TEM images of Figure 2. When the weight
feed ratio of CeO2 to aniline was 0.5, pure PANI marked by
arrows can be clearly observed from Figure 2b and the average
PANI coating was also thicker than the rest samples of CPA2,
CPA4, and CPA6 in Figure 2c, e, f. Herein we demonstrated
that modulating the ratio of organic and inorganic reagents
could also accurately tune the coating thickness, which was
different from traditional method of adjusting the polymer-
ization time.15,22

The CeO2 NPs, CeO2 NP@PANI and pure PANI were
characterized by XRD measurement as shown in Figure 2d. Red
line in the Figure exhibited sharp peaks corresponding to pure
cubic CeO2 with cell constants of a = 5.41 Å (JCPDS No.65−

5925). A broad peak centered around 25° (110 face of PANI)
could be observed, while there was no conspicuous additional
peak of crystalline order or chain arrangement from the
comparison of CeO2 NP and CPA4, which suggested that the
crystal structure of CeO2 was not affected by PANI but the
CeO2 particle hindered the PANI molecular chains organ-
ization, indicating the amorphous nature of PANI shell.34,35

The PANI contents and thermal stability of samples were
measured by TGA presented in Figure 3a. The weight loss (wt

%) by decomposition of PANI at 1000 °C was decreased as the
ratio of CeO2 increased, manifesting the contents of PANI in
CPA0.5 to CPA6 were ∼41.6, 21.5, 14.7, and 10.4%,
respectively. Element analyses also confirmed the contents of
PANI by the presence of C, N, and H as shown in Table1.

The interaction between PANI and inorganic CeO2
nanoparticles is correlated with the energy of activation (Ea)
with the stage of thermo-oxidative decomposition beginning at
around 400 °C.36 Ea is described by a well-known Broido
equation37
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w0, w∞, and ws are the initial, final weight and weight at
particular time, respectively. And Y is the fraction of the
number of initial samples not yet decomposed. The plots of
lnln(1/Y) versus 1000/T are approximate straight line as shown

Figure 3. (a) TGA of PANI, CPA0.5, CPA2, CPA4 and CPA6,
respectively. (b) Plots of ln ln(1/Y) vs 1000/T for the samples from
PANI to CPA6.

Table 1. Weight Loss (%), Activation Energy of Thermo-
oxidative Decomposition, and Element Analysis of C, N, and
H for PANI, CPA0.5, CPA2, CPA4, and CPA6

samples C (%) N (%) H (%) Activation energy (kJ/mol)

PANI 43.56 7.854 3.823 43.81
CPA0.5 20.9 4.06 2.577 42.59
CPA2 7.793 1.552 1.155 20.45
CPA4 6.578 1.271 0.942 18.54
CPA6 5.271 0.968 0.849 18.20
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in Figure 3b. And the slopes of the plots are related to the
activation energies whose values are listed in Table 1. The
activation energies of pure PANI and CPA0.5 with low CeO2

contents were higher than those of high CeO2 to aniline ratios
from Table 1. The decreased thermal stability of the
nanocomposite proved by decreased activation energy may be
caused by the interaction between cerium and nitrogen atom
which is similar to the reported coordination of titanium and
nitrogen.36,38The disappeared broad peak of PANI in CPA4 by
XRD measurement also proved the coordination of Ce and N
probably weakened the interchain interaction of PANI and
certified the strong coordination between CeO2 and PANI,

which also suggested the formation of p−n junction. Herein,
both TEM/SEM images and thermal stability analyses could
prove the existence of p−n junction of nanohybrids.
In addition, FTIR measurement was conducted to have a

deeper check of components in CPA4 and pure PANI as shown
in Figure S2 in the Supporting Information, the characteristic
peaks that corresponded to the stretching vibration of
benzenoid ring and quinoid ring were located at 1384−1481
and 1570−1610 cm−1, respectively, which indicated the
chemical structure of phytic acid-doped PANI were emeraldine
salt rather than solely leucoemeraldine or permigraniline
form.39,40

Figure 4. (a) Schematics of the fabrication of PANI hydrogel/CeO2 core/shell gas sensors. (b) SEM image of CPA4 shows well-defined core/shell
structure in proper CeO2/aniline ratio. (c) SEM image of CPA0.5 exhibits three-dimensional network structure by existing homogeneously grown
PANI hydrogel.

Figure 5. (a, b) I−V curves of different samples on a linear and semilog scale.
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Figure 4a illustrated the formation procedure of the PANI@
CeO2 core−shell structure. There is an electrostatic interaction
between the anionic surface of CeO2 and cationic aniline, so the
columbic interaction binds them and also facilitates nucleation
on the oxide surface.41 Besides, the aniline monomer is highly
soluble in the solution of CeO2 nanoparticles as diagrammatiz-
ing in Figure 4a. After adding oxidation agent, heterocyclic
polycation heterogeneously nucleates and accumulates on the
exposed CeO2 nanoparticles considering the solvophobic
character of PANI.42 When the ratio of CeO2 to aniline was
high, aniline was rapidly polymerized and cross-linked covering
the surface of oxide forming a CP shell as shown in Figure 4b.
Phytic acid molecule worked as gelator to grasp additional
PANI chains by six strongly dissociated protons (pKa < 2) of
totally 12 replaceable ones, which was expected to improve the
chemical stability of PANI@CeO2 by the cross-linking effect
compared with traditional organic−inorganic hybrids.43,44

When the ratio of CeO2 to aniline was 0.5, the additional
aniline molecular aggregated homogeneously and also cross-
linked by phytic acid, forming a combined structure of both
zero-dimensional core−shell structure and dendritic-like three-
dimensional network conducting polymer in Figure 4c.
Electrical properties of the sensors were also illustrated in

Figure 5. Each device showed the linear increase of current with
direct voltage in Figure 5a, indicating typical ohmic contacts
between gold electrode and PANI shell of nanocomposite.
These results were similar to the contact between pure PANI
nanofibers and high work function metals such as Au and Pt
reported by others.45The electricial properties in semilog scale
were showed in Figure 5b. With decreasing thickness of PANI
shell, the conductivity decreased exponentially, indicating the
conduction channel mainly depended on the outside PANI
layer.
Figure 6 displayed the typical response curves of CPA4, pure

PANI and CeO2 NPs upon exposure to 50 ppm of NH3 at

room temperature under a relative humidity of 58%. The CeO2
exhibited no response at 50 ppm, whereas the resistance
obviously decreased upon exposure to 2% (20 000 ppm) NH3
as shown in Figure 6, suggesting n-type behavior of CeO2 NPs.
Poor response of CeO2 NPs might be explained by the limited
modulation of the depletion layer by NH3 owing to the surface
states and oxygen adsorption without high-temperature

operation or doping with noble metals.46 And the distinct
increasing resistance of CPA4 and pure PANI showed typical p-
type characteristics. Meanwhile CPA4 showed apparent
detection virtue of higher response magnitude of 6.5 and
shorter detection time (57.6 s) compared with pure PANI
(response of 2.6 and 290 s of response time). The improved
sensing feature can be assigned to well-defined p-n hetero-
junction of CPA4 with core−shell structure as proved by the
combination of thermal stability of TGA analyses and SEM and
TEM images.
It is expected that the sensing performance of NH3 gas

sensor was affected by the PANI to CeO2 ratio. Figure 7a
showed the real time responses of CPA0.5 to CPA6 upon
sequential exposure of 50, 75, and 100 ppm of NH3. From
comparison of the curves, the responses of CPA4 to NH3 were
higher than the rest samples. Further increasing the shell
thickness would not improve the response, which was
confirmed by the fact that the responses of both CPA0.5 and
CPA2 were lower than CPA4. This might be explained that
with increasing the PANI thickness the effect of p−n junction
could be ignored. Furthermore, the diffusion rate of ammonia
was lower in the thick PANI layer, which also decreased the
response,15 whereas the thinner PANI shell of the CeO2 NP@
PANI nanohybrid caused lower residual holes, also reducing the
response. Additionally we noted that the response of pure
PANI to NH3 was lower than that of CeO2 NP@PANI at any
ratio, indicating coating PANI on CeO2 NPs was favorable to
enhance the response by taking full advantage of these two
materials to express synergetic effect. Considering the base
resistance could not totally recover as shown in Figure 7a, the
response transients of the sensor based on CPA4 to 50, 75, and
100 ppm of NH3 were expressed according to the surface
reaction model obeying the Langmuir−Hinshelwood mecha-
nism, which was suitable for irreversible gas sensing47

= − τ
∞

−S t S e( ) (1 )t/ a

where s∞ is the max response after the sensor has saturated, τa
is the characteristic response time related to the initial gas
concentration and surface reaction rate constant. The fitted
curves showed comparative consistency with the experimental
results in Figure 7b. And the fitted τa (11.89, 18.64, and 23.02)
with increasing NH3 concentration was reduced disproportion-
ately, which proved the irreversible type of CeO2 NP@PANI
based gas sensor.48

Figure 7c showed the response of CPA4 upon sequential
exposure to NH3 by different concentrations at room
temperature. The results showed the sensor exhibited an
excellent response behavior to a wide range of NH3. The sensor
based on CPA4 was also measured down to 2 ppm of NH3 at
room temperature as shown in the inset of Figure 7c. The
obvious response of 1.211 to 2 ppm of NH3 could be related to
the rough PANI shell on the surface that owned large specific
area and thus enhanced the contact area with gas, together with
the existence of p−n junction by CeO2 NPs and PANI shell. It
should be emphasized that response time was much faster in
higher concentration of NH3 in Figure 7d agreeing with the
reported result, which could be owing to the heterogeneousness
in interaction between PANI and NH3 when exposed to
different contents of reagent gas.27,49 Without other method
such as illumination with IR lamp, the sensing device-based
CeO2@PANI showed a recovery period of ∼6 min because of
the rough PANI shell, which provided large surface area for
desorption process.

Figure 6. Typical response curves of CPA4, PANI ,and CeO2
nanoparticles upon exposure to 50 ppm of NH3 at room temperature.
The bottom panel also exhibits the sensing response of CeO2 to 2% at
room temperature.
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Additionally, we tested the sensor response of CeO2 NP@
PANI to 50 ppm of NH3 at different temperatures as shown in
Figure S3 in the Supporting Information. With the increase in
temperature, the response clearly decreased and the color of
CPA4 changed from green to black (the insets in Figure S3 in
the Supporting Information). Moreover, the resistance of
sensor increased and the sensor lost its sensing ability when
heated up to 523 K, which was agreed with the thermal stability
measured by TGA. These results indicated that the sensor got
better sensing characteristics without additional heating and
could work at room temperature.
The gas sensor-based on CeO2 NP@PANI demonstrated

much high response at room temperature, which could be
attributed to the effect of well-known p-n heterojunctions. One

possible mechanism is the reduction of the activation energy
and enthalpy of physical adsorption by p-n heterojunction for
NH3 with good electron-donating characteristics.10,49,50 To
further understand the synergic effect of the heterojunctions,
the modulation model of the conducting region by p−n
junctions could probably explain the enhancement of the
response of NH3 gas sensor.

28 The schematic energy diagram of
the heterojunction between CeO2 and PANI was shown in the
inset of Figure 8. The space charge region (the depletion layer)
is naturally formed at the equilibrium condition. When exposed
to electron-donating NH3, the concentration of holes in the
positively charged PANI backbone was reduced due to the well-
known dedoping reaction (Scheme 1). In this case, NH3 leaded
to the conversion of PANI from emeraldine salt (ES) to

Figure 7. (a) Response curves of CPA0.5 to CPA6 upon sequential exposure of 50, 75, and 100 ppm of NH3. (b) Fitted curves (solid lines) and
experimental results (scattered points) of CPA4 to 50, 75, 100 ppm of NH3. (c) Reversible and reproducible responses of CPA4 to different
concentrations of NH3. Inset is transient response of sequential exposure to 2, 4, 8, and 16 ppm of NH3. (d) Response and response time of CPA4 to
various NH3 concentrations.

Figure 8. Schematic diagram showed the conducting pathway was mediated by synergic effect of CeO2 core and PANI shell when exposed to NH3
gas. The inset was schematic diagram of p−n junction in equilibrium state.
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emeraldine base (EB), which increased the resistance of the
outer PANI. Additionally, with regard to the total number of
holes was reduced, there would be an increase of the depletion
layer in the PANI sheath (inset of Figure 8 fromWp toWp‑NH3).
Then the conducting pathway was reduced, as shown in Figure
9 from the thicker green shell (ES form of PANI) to thinner
blue sheath (EB form of PANI). Considering the intrinsic high
resistance of CeO2, the decreased conducting region of PANI
increased the resistance of whole structure further.
It had been demonstrated that humidity had a great effect on

the performance of PANI and CeO2-based sensors.10,31

Additionally, a “reversed behavior” could happen to nano-
structured PANI whose electrical resistance would increase at
high relative humidity (RH) (>50%) due to distortion during
polymer swelling.40 So we investigated the relationship between
relative humidity and the resistances of PANI, CPA4, and CeO2
NPs, particularly in high RH range. Response profile in Figure 9
showed that the resistances of all samples would decrease with
increasing RH. CeO2 with high charge density in the surface
exhibited an exponential reduction in high RH which followed

the ion-type conductivity as the sensing mechanism.51 Mean-
while, pure PANI also exhibited decreasing resistance when
exposed to high relative humidity because of the well-known
“proton effect”.24,40,52 In the chemical mechanism, when water
molecules are absorbed on the PANI chains, proton from water
sources can either dope PANI further or conduct charge
themselves through absorbed water by the following reaction53

+ ↔ ++ +NH H O NH H O2 2 3

The response of CPA4 (inset of Figure 9) was much akin to the
pure PANI rather than CeO2 NPs. It is crucial to stress that the
cross-linked PANI by phytic acid formed interconnected
structure, which could acclimatize itself to the swelling from
water absorption and did not show any resistance increasing by
distortion of PANI chains in high RH.
Gas sensors for practical applications need good reproduci-

bility besides high sensitivity and fast response. Figure 10a
showed the response of CPA4 tested at a fixed concentration of
50 and 25 ppm through four cycles. The baseline had a drift of
13% from the initial state after first exposure to NH3 similar to

Scheme 1. Reaction Mechanism of PANI to NH3

Figure 9. Response profiles of CeO2, PANI, and CPA4 show the changes of resistances in different RH. Inset is real time response of CPA4 in
different RH.
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other reports, which could be attributed to the relative
irreversible reactions between strong acidic phytic acid and
ammonia.54 And the gelator phytic acid with nonvolatile nature
worked as a cross-linker to weaken the impact of environment
by increasing the mechanical strength and chemical stability of
sensor, which could result in enhanced long-term stability. To
verify the supposition, we stored the sensors of CPA4
unencapsulated at room temperature, and it still maintained
its sensing characteristic (response of ca. 6.5 to 50 ppm of
NH3) after 30 cycles in 15 days which exhibited excellent
stability as shown in Figure 10b. Thus, we believe the chemical
cross-linking between polymer chains is a helpful method to
both solve the intrinsic instability of the sensors based on CP
and get a high response (as compared in Table 2).
Figure S4 in the Supporting Information showed the

response in histogram of CPA4 to several gases at 50 ppm
testing the selectivity of the sensor. Among the tested gases,
nearly no response was observed when exposed to nitrogen
dioxide, ethanol, and acetone, whereas the sensor upon
exposure to hydrothion exhibited slight decrease of resistance
which was much lower compared with the change of NH3. The
combined doping/dedoping process with regulating conducting
pathway by p−n heterojunction may be assigned to the
excellent selectivity. Sensor based on this hybridization of
inorganic MOX and organic CP shows the potential application
for selective detection of NH3 at room temperature.

4. CONCLUSIONS
In summary, the CeO2@PANI nanohybrids have been
fabricated by in situ polymerization of aniline in the presence
of CeO2 NPs. Compared with other samples, the response of
CPA4 to 50 ppm ammonia at room temperature was 6.5 and
the response time was also decreased to 57.6 s, which exhibited
higher performance. Improved sensing characteristics were
related to the p−n heterojuction formed by CeO2 NPs core and
PANI shell. The formation of p−n junction was confirmed by
decreased thermal stability of CeO2@PANI nanohybrids. In
particular, the PANI hydrogel sheath cross-linked by phytic acid
displayed good stability to environmental atmosphere by its
self-adjusting effect, which showed combined excellent
sensitivity with superior long-term stability in contrast to the
traditional conception of polymer-based ammonia sensor.
Further effort could be made to decrease the baseline drift
and moreover reducing the humidity effect to design functional
gas sensors.
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aT is the working temperature; t is the response time; RT means room temperature.
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