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(c) Dynamic response curves
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(b) Sensitivity test
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Fig. 1 Fabricating process, sensitivity test, dynamic response curve and transient curve of MAPbI; gas sensor
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Fig. 2 Recovery time, response time and possible NH; sensing mechanism of MAPbI; sensor!>> 38
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Table 1 Halide perovskite sensitive materials and their gas sensing properties

Sensing material Detected substance

Limit of detection Response time Recovery time Reference

MAPbI, NH;
MAPbI; Pyridine
MAPDI; NO,
Cs:PbIy(SCN), NH;
MAPbI; (SCN), NO,
MAPDI; (SCN), Acetone
MAPDBr; NO;
Graphene-MAPDbBr;3 NO,, NH;
MASnI5/SnO, NO;
CsPbBr,l Various VOCs
CsCuyl; NO,
FA(83Cso.17Pbl3 NO,
Cs,Snlg NO,
Cs,Telg NO,
Cs,Ptlg NO
Cs,Telg NO
MAPDI; NH;
MAPDI; NH;
MAPbI; NH;
MAPbL/WO; NH;
MAPbI; NH;
MAPbI; NH;

<ls 1-2s [18]

<ls 6s [19]

22s 13s [20]

5 mg/L 52s 61s [22]
200 pg/L 222 6 min [23]
20 mg/L 270's 4 min [23]
100 pg/L [24]
[25]

25 pg/L [26]
1 mg/L 100-150 s [27]
20 pg/L 146's 413s [28]
140 pg/L 2s 22s [29]
3 mg/L 247 s 818s [30]
25 pg/L 125 s 600 s [31]
100 pg/L 160 s 314s [32]
60 pg/L 138 s 152's [33]
10 mg/L 10s [34]
10 mg/L 300 ms 3.6s [35]
1 mg/L 20s 20s [36]
[37]

500 pg/L 11s 8s [38]
10 mg/L 400 ms 1100 ms [39]
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MAPbI;_Cl, nanotubes NH; 10 mg/L 700 ms 1400 ms [39]
MAPbBBr3_ I, NH; 50 mg/L 10s 20s [40]
MAPDLBr3_ I, Acetone, ethanol 7100 png/L <20s <20s [40]
MA;Bi]g NH; 10 mg/L 140 ms 8150 ms [41]
MAPbBr3 NH; 37 mg/L [43]
MAPbBr;-TBA NH; 460 pg/L 61s 65s [44]
MAPbI; NH; 20 mg/L 10s [45]
MAPbBr3 NH; 20 mg/L 2-3 min [45]
FAPbI; NH; 20 mg/L =4 min [45]
MAPDBBr3/mp-TiO, NH; 920 pg/L s 73s [46]
MAPbBBr3/mp-TiO, Amine [46]
CsPbBr; NH; 8850 pg/L 10s 30s [47]
CsPbBr; NH; 20 mg/L 21s 23s [48]
CsPbBr sl 5 NH; 20 mg/L 55s 50s [48]
CsPbBr; sCl; 5 NH; 20 mg/L 66 s 67 s [48]
Cs;Biyl¢Brs NH; 20 mg/L 20s 50s [49]
PEA;Bi,By NH; 200 pg/L 39s 130 s [50]
(H,C=C(CH3;)CO,CH,CH,NHj3),PbL,Cl, NH; [51]
(H,C==C(CH3)CO,CH,CH,NH3),Pb(NOs),Cl, NH; [51]
MAPbI; H,S 200 pg/L [52]
MAPDI;_(SCN), H,S 200 pg/L [52]
MAPbBr3 H,S, NH3, NO, 5 mg/L [53]
FAPbBr3 H,S 500 pg/L 125 36s [54]
CsPbBr;-Sn H,S 250 pg/L 278 s 730's [55]
MAPbI; Various VOCs 1300 mg/L 66 s 67s [56]
CsPbBr; @ZnO Heptanal 2 mg/L in the air and 3 mg/L in artificial breath 36 500 ms 5300 ms [57]
CsPbBr; Ethanolamine 21 png/L 16's 714 s [58]
CsPbBr;/MoS, Ethanolamine 62 ng/L 62s 782 s [58]
(C4HoNH3),Pbly P-xylene [59]
MAPbI; Cle O3 5 ng/L 188-225s 40-60 s [60]
PEA,Snl, Oxygen 50 mg/L 10s 12s [61]
MASnI3/SnO, CcO 5 mg/L 32s 21s [62]
MASnI3/Sn0,/(3% (in mass) Pd)/(1% Au) CO 5 mg/L 15s 7s [62]
MASnI3/Sn0O5/(3% (in mass) Pd) CO 5 mg/L 25s 32s [62]
MASnI3/Sn0O5/(1% (in mass) Au) CO 5 mg/L 25s 16s [62]
DMAPbBr;@PVDF CH3NH, 800 ng/L 20 min [63]

4 R&E5REZ

VRN AT SR FE R, s S AT UK
MR BT E . CERVESF . AR ARSI AL,
R RARA AR AT R SO H AT, <A
BT BRI AR T A T 5. MAPDI; 44 23348 i 21
U045 R LAl o I B Tk T L T Al 4
WS E RS ERIZ R VOCs S fk, FHUA
T OEKR . ARG T IR SR
SRS RE R, DA s AL VA5 B U8

B B S AR SRR I B T AR A 5 . TEARSR I
Wt FATRE LN e i e

1) LR R E 2 W8 R COUS Bk A4 R
MA,AgBilg. Cs,AgBilg. CuAgBils %5 UL M 454K
MR AgBily. CuBily Z9)0K}L, JH4R R HAEA 7.
A FHARFN VOCs S s il 7 i i S H o

2) A K Z AR B BUR AR B A
AR 2 S UM R, JFR T 2 e AL RO R
FIE B BE IS AR 5 i A SR

3) SRR AL (RIDFE. (RAASE D) RE
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Extended Abstract

Gas sensor can monitor the composition and content of trace toxic and harmful gases in environment. As the core of gas sensor
technology, the performance of the sensor is closely related to the properties of the gas sensing materials. Recent work focused on
development of novel sensitive materials with a large specific surface area, a high carrier mobility, a high catalytic activity, a wide
measurement range and a good long-term stability to build high-performance gas sensors. Among them, halide perovskite materials
are a potential option for gas-sensitive materials due to their advantages (i.e., high room temperature carrier migration rate, sensitive
surface properties, directly adjustable band gap and simple preparation). The toxic and harmful gas detection applications were
analyzed and its sensing mechanism was clarified based on the advantages of halide perovskite in gas sensors. It is necessary to
summarize the existing halide perovskite gas sensing materials. This review represented halide perovskite sensitive materials,
discussed their working mechanisms in gas sensors, and summarized the application of halide perovskite gas sensors in NO,, NH3,
H,S and volatile organic compounds (VOCs).

Halide perovskite gas sensors can be used for detection NO, gas. Especially, MA- or Cs-based halide perovskite gas sensors with
a bipolar charge transfer can achieve a high response/recovery speed at low operating temperatures and quickly and accurately detect
NO, and NO gas. Some recent work indicate that the Cs-based halide perovskite materials have better stabilities rather than the
MA-based halide perovskite materials, so the as-prepared Cs-based halide perovskite gas sensors have better repeatability than the
MA-based halide perovskite gas sensors. NHj detection is another important application of halide perovskite gas sensor. This is
because NHj pollution seriously threatens human health and safety, and affects the sustainable development of ecological
environment. Also, NHj is also a metabolite of the human body and widely exists in exhaled gas, which can be used as a marker for a
variety of diseases for non-destructive diagnosis in clinical medicine. The perovskite film color changing, resistance changing, and
reversible weak bond action are mainly used to achieve ammonia detection. Moreover, the detection of ammonia is also extended
from MA- or Cs-based halide perovskite to PEA-based halide perovskite. The material dimensions also extend from three dimensions
to two dimensions, and ammonia can be efficiently detected at room temperature. H,S is an important chemical raw material, and a
highly toxic and dangerous gas. In recent years, H,S poisoning accidents occur frequently. There is a coincidence in the fact that the
halide perovskite sensitive materials with high performance, low cost and small size are an ideal option for H,S gas sensors and H,S
gas alarms. The FAPbBr;-based sensor has an extremely high H,S response sensitivity (at room temperature), and works well under
both dark and half-light conditions, especially in half-light condition. The assembled gas sensor can be used to detect oxidizing and
reducing gases and a variety of VOCs due to the bipolar nature of halide perovskite. VOCs are extremely volatile and accompanied by
a pungent odor, and their emission can seriously pollute the environment and threaten human-being health. To meet different needs,
A/B bit substitution and halogen or pseudohalogen doping were used to achieve the superior device sensing performance.

Summary and prospects As a recent research hotspot, halide perovskite sensitive materials with the advantages (i.e., strong
stability, good selectivity and low working temperature) are one of the effective options of gas sensitive materials. Halide perovskite
sensitive materials are also developed from the simple original MAPbI; system to different systems. The corresponding applications
of gas sensors were also enriched to detect oxidizing gases, reducing gases, and a variety of VOCs. This review summarized the
recent research progress on halide perovskite gas sensors to provide a reference for halide perovskite gas sensors used in related fields.
In the future research, we proposed 1) to further explore more perovskite (i.e., double perovskite materials such as MA,AgBilg,
Cs,AgBilg, Cu,AgBilg, and perovskite-like materials such as AgBily, CuBily, efc.) materials, and expand their application in the
detection of toxic, harmful gases and VOCs gases; 2) to grow more perovskite single crystal sensitive materials instead of halide
perovskite polycrystalline sensitive materials, and develop more perovskite single crystal sensors with superior photoelectric
properties and sensing properties; and 3) to use halide perovskite gas sensors with high precision, miniaturization, a low power
consumption and low cost in medical detection (i.e., human metabolites, neurotransmitters and various disease-related substances),
thus achieving a deep cross-integration of medical and industrial fields.
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