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Fig.S1 The preparation process of PIL-EY[M].

[image: ]
Fig.S2 The preparation process of EY[M] by dehydration condensation reaction.
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Fig.S3 Search Engine Marketing (SEM) and mapping images of PIL.
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Fig.S4 N2 adsorption-desorption isotherms of PIL.
The PIL hollow sphere has a large specific surface area (86.81 m2/g), and the isotherm is the typical type I, indicating that the PIL has a multi-microporous structure (aperture < 2 nm), which prevents the liquid end of the large volume and long chain from entering the cavity interior.
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Fig.S5 The X-ray diffraction (XRD) pattern of PIL and PIL-EY[M].
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Fig.S6 The X-ray photoelectron spectroscopy (XPS) of PIL and PIL-EY[M].
In addition, the N1s XPS spectra of PIL and PIL-EY[M] showed two peaks at 400.8 eV and 398.9 eV, respectively attributed to the quaternary and pyrrole N of PIL, while the peaks corresponding to Br 3d3/2 and Br 3d5/2 of EY were located at 68.9 eV and 70.4 eV, respectively. 
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Fig.S7 The TEM image of EY[M].
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Fig.S8 The UV–Visible absorption spectra of EY[M].
The UV–Visible absorption spectra of EY[M] show peaks at 517 and 487 nm, indicating that the nanoclusters are formed by monomers and aggregates of EY.
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Fig.S9 TEM images of PIL-EY[M].

[image: ]
[bookmark: _Hlk197182674]Fig.S10 SEM and high-resolution TEM mapping images of PIL-EY[M].
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Fig.S11 The photocatalysts mess in a simulated open environment with a 18m/s wind speed.
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Fig.S12 The thermogravimetric analysis (TGA) of samples.
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Fig.S13 The DFT calculations model of PIL and EY[M].
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Fig.S14 The IGM analysis of PIL and EY[M]. 
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Fig.S15 The light source information of photocatalytic CO2 reduction.
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Fig.S16 The PIL and PIL-EY[M] were coated on the surface of the carrier.
Significantly, uniform dispersion on a 1m2 carrier requires the consumption of 5.66g PIL. However, the PIL has a large specific surface area and cavity structure. In comparison, 5.66g of nano-liquid photocatalysts can be evenly applied on a 2.28 m2 carrier, which is less than other commonly used powder photocatalysts, greatly saving catalyst usage costs.
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Fig.S17 The FT-IR spectroscopy of PIL-EY[M] before and after CO2 reduction.
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Fig.S18 The XRD spectroscopy of PIL-EY[M] before and after CO2 reduction.

[image: ]
Fig.S19 The CO2 reduction control experiment in different reaction conditions.
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Fig.S20 The TDDFT calculations on the optimized structure of PIL-EY[M].
The electron-hole distribution of the five lowest energy excited states of PIL-EY [M] was calculated using TDDFT. Among them, S2, S3, and S4 have shorter charge transfer distances for local excitation, while S1 and S5 have longer electron-hole center distances for charge transfer excitation.
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Fig.S21 The PL spectrum of PIL, EY[M] and PIL-EY[M].
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Fig.S22 The electrochemical properties of PIL, EY[M] and PIL-EY[M].
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Fig.S23 The TAS spectroscopy of PIL-EY[M].
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Fig.S24 CO2 uptake experiment of EY[M] and PIL-EY[M].
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Fig.S25 Water contact angle of PIL and PIL-EY[M].
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Fig.S26 (a) The thymolphthalein in aqueous solutions. (b) the PIL-EY[M] solutions.
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Fig.S27 The bridged and linear adsorption model of PIL and PIL-EY[M].
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Fig.S28 The adsorption energy of CO2 in different sites.
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	Fig.S29 The differential charge calculations of PIL and PIL-EY[M].
After the adsorption of CO2 by PIL and PIL-EY[M], under the same adsorption mode (linear adsorption), the volume of electron accumulation (yellow) and depletion (blue) of CO2 at the imidazole sites of PIL-EY[M] is larger than that of PIL, indicating that the sites have more electron transfer capacity for CO2 and are more conducive to CO2 conversion.
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Fig.S30 The CO2 adsorption kinetics of the interface between PIL and EY.
Saturated CO2 molecules are randomly placed into the reaction system to simulate the catalytic environment. 10000 times of kinetic adsorption were simulated, each calculation was set at 1ps, and the adsorption environment changes were recorded at each 1ps. When the simulation was carried out to 10 ns, it was found that the overall energy tended to be balanced, and the scattered CO2 molecules tended to approach the PIL and EY[M] interface.
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Fig.S31 The Gibbs free energy barriers of PIL and PIL-EY[M].
As shown in Figure, the PIL-EY[M]*CO2 has a smaller energy barrier than PIL*CO2, indicating that the solid-liquid interface is more conducive to the adsorption and activation of CO2. Additionally, the generation energy barrier of *COOH is 2.17 eV, which is smaller than that of PIL. The decrease in the generation barrier indicates that the solid-liquid interface facilitates dynamic charge transfer between the EY adsorption sites and the imidazole reaction sites on the conjugated plane.
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Fig.S32 Continuous experiment for one week in 36L square glass reactor
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[bookmark: _Hlk195088463]Fig.S33 The performance of PIL in the variation in simulated solar elevation angle alters. 
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Fig.S34 The Optical image of TiO2PIL-EY[M] and C3N4PIL-EY[M]. 
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Fig.S35 The CO productivity of TiO2PIL-EY[M] and C3N4PIL-EY[M].



Tab.S1 The Zeta potential measure results of PIL and EY[M].
	Samples
	T
	ZP
	Mob
	Cond

	PIL
	25℃
	+32.6 mV
	2.556 μm cm/Vs
	0.0172 mS/cm

	
	25℃
	+31.7 mV
	2.488 μm cm/Vs
	0.0127 mS/cm

	
	25℃
	+32.8 mV
	2.575 μm cm/Vs
	0.0128 mS/cm



	Samples
	T
	ZP
	Mob
	Cond

	EY[M]
	25℃
	-32.5 mV
	-2.545 μm cm/Vs
	0.0226 mS/cm

	
	25℃
	-32.3 mV
	-2.529 μm cm/Vs
	0.0220 mS/cm

	
	25℃
	-31.7 mV
	-2.486 μm cm/Vs
	0.0268 mS/cm





Tab.S2 Comparison of performance increased multiplier factors between PIL-EY[M] and similar imidazole photocatalysts and ionic composite photocatalysts.
	Samples
	Properties
	Increased multiplier
	Ref.

	PIL
	1228.7 μmol/h/m2
	57.8 times
	This work

	Comparison of Imidazole Photocatalysts
	ZIF-67/DCD/Ru
	189.9 μmol/h/m2
	12.2 times
	1

	
	SmL
	0.7 mmol
	5.5 times
	2

	
	TiO2/NiIP-NSs
	54.9 mmol/g/h
	4.3 times
	3

	
	Ni-TCPP-TPyP
	309.3 μmol/g/h
	11.1 times
	4

	
	3DOM Co-SNS
	347.3 μmol/h
	8.0 times
	5

	
	PFC-73-Ni/Cu/Zn
	14.7 μmol/g/h
	1.5 times
	6

	
	3DOM Ag2S-CoOx/NC
	66.0 μmol/g/h
	1.8 times
	7

	Comparison of ion composite photocatalysts
	Cu/a-In2O3 NSs
	798.7 μmol/g/h
	5.8 times
	8

	
	TiO2/CsPbBr3
	23.9 μmol/g/h
	1.8 times
	9

	
	ZnSe-CsSnCl3
	57 μmol/g/h
	5.0 times
	10

	
	[Co(qpy)(OH2)2]2+
	11.6 μmol
	13.0 times
	11

	
	[Fe(qpy)(OH2)2](ClO4)2
	62.5 μmol
	7.4 times
	12

	
	PRGO/TP-COF
	48.8 μmol/g
	1.7 times
	13

	
	IL/Co-bCN
	20.6 μmol/g/h
	42.0 times
	14





[bookmark: _Hlk188621529]Tab.S3 Comparison of performance increased multiplier factors between PIL-EY[M] and different types of photocatalysts.
	Prinstin
materials
	Modified materials
	Improvement approach
	Catalytic methods
	Selectivity
	Increased multiplier
	Ref.

	PIL
	PIL-EY[M]
	Nano-liquid
	Photocatalysts
	100%
	57.8 times
	This work

	Ru/MnOx
	Ru/(TiOx)MnO
	Oxide surface patches
	Selective hydrogenation catalysts
	/
	3.3 times
	15

	Planar-Cu
	Cu-DAC
	Atomic-level Cu active sites
	Electroreduction
	/
	~2.3 times
	16

	CuCO
	CuCO2
	Distinct Cu sites
	Electroreduction
	/
	6.0 times
	17

	MnOx
	Ru/MnOx
	Metal-support interaction
	Photo-thermal coupling
	99.5%
	29.0 times
	18

	PCN-250-Fe2Co
	ILs@MOFs
	New type of host-guest
	Photocatalysts
	100%
	25.5 times
	19

	Ag/TiO2
	Cu-Ag/TiO2
	Cu–Ag alloy synergistic effect
	Photocatalysts
	49.1
	~40.0 times
	20

	CuIn5S8
	VS-CuIn5S8
	Cu–In dual sites
	Photocatalysts
	100%
	5.4 times
	21

	Cu-HITP + [Ru(phen)3] 2+,
	Ru@Cu-HHTP
	Electrostatic Attraction-Driven
	Photocatalysts
	CO
	13.1 times
	22

	CMP-nBr
	CMP-nTB
	Intramolecular Electric Field
	Photocatalysts
	85.7
	9.2 times
	23

	COF-5
	LaNi-Phen/COF-5
	La-Ni bimetallic sites
	Photocatalysts
	98.2
	15.2 times
	24

	Ni2+ without CB
	CB[7]:Ni 1:4
	Engineering Single Ni Sites
	Photocatalysts
	97.9
	12.1 times
	25

	p-CSON
	c-CSON
	Accessing parity-forbidden d-d transitions
	Photocatalysts
	84.23
	1.2 times
	26

	CCH
	Cu-CCH
	Dual Jahn–Teller Sites
	Photocatalysts
	92.62
	4.2 times
	27

	BFO
	BFO-SF40
	Strain Engineering
	Photocatalysts
	100
	12.8 times
	28
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