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[bookmark: _Hlk135038391]Fig. S1 (a) Transmission electron microscope (TEM) image and electron energy loss spectroscopy (EELS) elemental map of CPB QD. (b, c) High-resolution TEM images and (d, e) electron diffraction patterns of CPB QD.
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Fig. S2 (a) Transmission electron microscope (TEM) image and electron energy loss spectroscopy (EELS) elemental map of CPB QD/BOC. (b, c) High-resolution TEM images and (d, e) electron diffraction patterns of CPB QD/BOC.
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Fig. S3 FTIR spectra of CPB QDs. 
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Fig. S4 Mechanism for the enhanced excitonic peak in CPB QD/BOC hybrids compared to isolated CPB QDs.
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Fig. S5 Photoluminescence mapping images of BOC, CPB QD, and CPB QD/BOC at an excitation wavelength of 375 nm.
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Fig. S6 Photograph images of PC CO2 RR reactor and its components.
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[bookmark: _Hlk207104925][bookmark: _Hlk207112742]Fig. S7 Proposed mechanism for C2H4 formation in the CPB QD/BOC hybrid photocatalyst.
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Fig. S8 500 MHz 1H 1D liquid nuclear magnetic resonance spectra of CPB/QD BOC.
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Fig. S9 XRD patterns of CPB QD, CPB QD/BOC, and CPB QD/BOC after PC CO2 RR.
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Fig. S10 Electrostatic attraction, S-scheme charge separation, and 2D structural support in CPB QD/BOC hybrid for enhanced cycling stability.



Table S1 Calculated time constants of CPB QD and CPB QD/BOC photocatalyst based on time-resolved photoluminescence spectra.
	Photocatalyst
	τamp (ns)
	τ1 (ns)
	τ2  (ns)

	CPB QD
	1.7
	1.06
	4.9

	CPB QD/BOC
	0.09
	0.28
	0.04





Table S2 Performance comparison of PC CO2 RR based on CPB QD material from recent literature.
	Photocatalyst
	Conditions
	Light source
	Products
[bookmark: _Hlk196131890](μmol g–1 h–1)
	Ref

	CsPbBr3 QD/BOC
	Ethyl acetate/DI
	150W Xe lamp
200 mW cm-2
	CO 80.5
CH4 12.2
C2H4 10.7
	This work

	CsPbBr3
	Ethyl acetate
	100W Xe lamp
	CO 4.3
CH4 1.5
H2 0.1
	R1

	CsPbBr3/GO
	Ethyl acetate
	100W Xe lamp
150 mW cm-2
	CO 4.9
CH4 2.5
H2 0.13
	R2

	CsPbBr3/ZIF-8
	Gas (CO2 + H2O)
	100W Xe lamp
150 mW cm-2
	CO 0.5
CH4 1.8
	R3

	CsPbBr3 QDs/PCN
	Acetonitrile/water
	300W Xe lamp
	CO 148.9
	R4

	CsPbBr3 NC/a-TiO2
	Ethyl acetate/IPA
	150W Xe lamp
150 mW cm-2
	CO 3.9
CH4 6.7
H2 1.5
	R5

	CsPbBr3/USGO
/α-Fe2O3
	Acetonitrile/water
	300W Xe lamp
100 mW cm-2
	CO 73.8
	R6

	CsPbBr3/P3HT
	Acetonitrile/DI
	300W Xe lamp
	CO 145.45
CH4 23.05
	R7
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« Surface defects and incomplete bonding in isolated CPB QDs generate trap states, which
induce partial non-radiative recombination of excitons.

+ In the CPB QD/BOC hybrid, interfacial interactions stabilize the excitons and sharpen the
absorption peak at ~520 nm, while some excitons undergo charge or energy transfer,
resulting in a reduced PL intensity.

-> The sharp absorption peak thus primarily reflects exciton stabilization and
interfacial effects rather than a simple reduction of surface trap states.

Excitonic absorption peak-CO,RR correlation

QD - Broaden peak QD/BOC hybrid = Sharp peak

* The stabilized excitons in the CPB QD/BOC hybrid promote longer-lived charge carriers,
which improve the likelihood of efficient electron transfer to reaction sites.

* This enhanced charge separation and transfer reduces recombination losses and
supports more effective utilization of photogenerated carriers.

-> As a result, the hybrid system exhibits significantly improved photocatalytic
CO,RR performance compared with isolated QDs.
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-35.66 mV Electrostatic stabilization and internal electric field effects

Electric field 1. Electrostatic stabilization

- CPB QDs (-35.66 mV) adsorb onto BOC petals (+4.48 mV)
-> preventing structural degradation

2. Internal E-field

- The CPB QD-BOC interface generates an E-field.

+4.48 mV

CPB QD

* ] ] 3. Improved photocatalysis
BOC petal Electrostatic attraction - E-field enhances electron-hole separation and reduces recombination.

LY Charge separation and structural protection via S-scheme band
= . = 1. S-scheme heterojunction formation

AT - BOC (oxidation-type photocatalyst, OP) + CPB QDs (reduction-type

‘ = + * photocatalyst, RP) — S-scheme heterojunction.
Q 2. Selective charge recombination
Recombination - Electrons from OP recombine with holes in RP

cpgm -> suppresses unnecessary recombination of photogenerated carriers.

Charge separation

* QD structural integrity
BOC petal - PL and time-resolved PL: CPB QD emission quenched, lifetime reduced.

3. Enhanced charge separation

Physical support and spatial stabilization via 2D BOC petal
architecture

1. Uniform support and isolation

- The two-dimensional layered structure of BOC petals provides

consistent physical support and spatial separation for CPB QDs.

* ) ‘ 2. Prevention of aggregation and phase change

Physical support

BOC petal 3. Confirmation of QD integrity
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