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DFT calculation

The structure optimizations were executed by using the projector augmented wave method according to the density functional theory (DFT), which could be realized by Vienna ab-initio Simulation Package (VASP) 1, 2, 3. All geometric optimizations were carried out with the Perdew–Burke–Ernzerhof (PBE) exchange and correlation energy within generalized gradient approximation (GGA) 4, 5. The plane-wave energy cutoff was set to 400 eV. The Brillouin-zone sampling were conducted using Monkhorst-Pack (MP) grids of special points with the separation of 0.04 Å-1. The self-consistence-field convergence criterion was set to 10-4 eV, and the atomic positions were optimized with the convergence criterion of 0.05 eV/Å. A Gaussian smearing of 0.05 eV was applied to speed up self-consistent field convergence. A vacuum height of 15 Å along the vertical direction was selected to avoid the unwanted interaction between the slab and its period images. The electrostatic potential was obtained used the Dmol3 code 6. 
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Supplementary Fig. 1 Synthesis of TAPA-PDA COF.
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Supplementary Fig. 2 Synthesis of TAPB-PDA COF.
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[bookmark: OLE_LINK21]Supplementary Fig. 3 Particle size distribution of TAPB-PDA COF colloids.
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Supplementary Fig. 4 Formation process of TAPA–PDA COF colloidal nanoparticles.
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Supplementary Fig. 5 Particle size distribution of TAPA-PDA COF colloids.
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Supplementary Fig. 6 XRD pattern of Cs2PdBr6 powder.
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Supplementary Fig. 7 XRD pattern comparison of Cs2PdBr6 powder and hollow nanospheres.
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Supplementary Fig. 8 XPS spectra of the N 1s region of TAPA-PDA@Cs2PdBr6 and TAPA-PDA.
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[bookmark: _Hlk66391197]Supplementary Fig. 9 XPS spectra of the N 1s region of TAPB-PDA@Cs2PdBr6 and TAPB-PDA.
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Supplementary Fig. 10 The response of Cs2PdBr6 to NO2 after mixing different proportions of COF TAPB-PDA colloids. a), b), c), d), e) denote the addition of 1mL, 2mL, 3mL, 4mL, and 5mL of colloid, respectively.
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Supplementary Fig. 11 The response of Cs2PdBr6 to NO2 after mixing different proportions of COF TAPA-PDA colloids. a, b, c, d, e denote the addition of 1mL, 2mL, 3mL, 4mL, and 5mL of colloid, respectively.
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Supplementary Fig. 12 Response and recovery time of TAPB-PDA@Cs2PdBr6 sensor to 4 ppm NO2.
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Supplementary Fig. 13 Response and recovery time of TAPA-PDA@Cs2PdBr6 sensor to 4ppm NO2.
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Supplementary Fig. 14 Synthesis of COF-5.
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Supplementary Fig. 15 SEM images of uniformly dispersed COF-5 colloids.
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Supplementary Fig. 16 FTIR spectra of COF-5.
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Supplementary Fig. 17 XRD patterns of COF-5.
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Supplementary Fig. 18 N2 sorption isotherms and pore size distribution (inset) of COF-5.
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Supplementary Fig. 19 SEM images of COF-5@Cs2PdBr6.
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Supplementary Fig. 20 XPS spectra of the Pd 3d region of COF-5@Cs2PdBr6 and Cs2PdBr6.
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Supplementary Fig. 21 XPS spectra of the O 1s region of COF-5@Cs2PdBr6 and COF-5.
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Supplementary Fig. 22 XPS spectra of the B 1s region of COF-5@Cs2PdBr6 and COF-5.
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Supplementary Fig. 23 Real-time response of the COF-5@Cs2PdBr6 sensor with increasing concentrations of NH3 (from 10 ppb to 10 ppm). 
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Supplementary Fig. 24 Gas selectivity of the COF-5@Cs2PdBr6 sensor (Air is the carrier gas, and all gas concentrations are 10 ppm.).
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Supplementary Fig. 25 Top and side views of differential charge density of NO2. The charge transfer difference between NO2 and COF TAPA-PDA layers, where the yellow and cyan areas indicate the charge accumulation and depletion with iso-surfaces. The brown, pink and periwinkle balls refer to C, H and N atoms, respectively.
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Supplementary Fig. 26 Top and side views of differential charge density of NO2. The charge transfer difference between NO2 and COF TAPB-PDA layers, where the yellow and cyan areas indicate the charge accumulation and depletion with iso-surfaces. The brown, pink and periwinkle balls refer to C, H and N atoms, respectively.
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Supplementary Table 1. The lowest detection limit and recovery time of Cs2PdBr6 to NO2 after mixing different proportions of COF TAPB-PDA colloids. 

	VTAPB-PDA colloid (mL)
	1
	2
	3
	4
	5

	Lowest detection limit（ppb）
Recovery time (s, 4 ppm)
	40
140
	20
64
	20
68
	80
121
	1200
72





































Supplementary Table 2. The lowest detection limit and recovery time of Cs2PdBr6 to NO2 after mixing different proportions of COF TAPA-PDA colloids. 

	VTAPA-PDA colloid (mL)
	1
	2
	3
	4
	5

	Lowest detection limit（ppb）
Recovery time (s, 4 ppm)
	40
149
	20
250
	20
>1000
	40
>1000
	400
>1000





































[bookmark: _Hlk49941382]Supplementary Table 3. The lower limit of detection reported for perovskite-based NO2 sensors.
	Material
	Temperature for detection (℃)
	Lower limit of detection (ppm)
	Reference

	2D/3D perovskites n-OA2Pb(IxBr1−x)4
(CH3NH3PbBr3)/[InGaZnO (IGZO)]
ZnO/CsPbBr3
FA0.83Cs0.17PbI3
TpPa-1/Cs2PdBr6
CsCu2I3
CH3NH3PbBr3
Cs2SnI6
PyPbI3/FA0.83Cs0.17PbI3
CsPbBr3
BA2EA2Pb3I10
MAPbI3/NCNT 
MASnI3
Cs2TeI6 
CsPbBr3/ZnO
FA0.80MA0.15Cs0.05PbI2.55Br0.45 
Cs3Cu2Br5@graphene, Cs2AgBiBr6@graphene
Au/MASnI3/SnO2
[(Et)2MP]PbBr3 and [(Et)2MP]PbI3
MASnI3/SnO2

	 
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
 
RT
RT
RT
RT

	2
0.25
0.5
0.5
0.04
0.02
0.1
1
0.5
0.2
1
1
0.025
0.025
1
0.2

0.05
0.5
1
0.025
	   
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
 
23
24
25
26
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