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Experimental section
Reagent

All materials and reagents employed in this investigation analytical grade,
comprising bismuth nitrate pentahydrate (Bi(NO;);-5H,0, 99%), potassium bromide
(KBr, 99%), phosphomic heteropoly acid (H;PMo,,04), ethanol (CH3;CH,OH, 99.0%),
and tetrabutylammonium hexafluorophosphate (TBAPFg, 98%). Deionized water

served as the aqueous medium throughout all experimental procedures.
Characterization

Crystal structure characterization was performed using a Bruker D8 Advance X-
ray diffractometer (XRD) with Cu-K, radiation (A=1.5406 A) in the 20 range of 10°—
80°. UV-vis diffuse reflectance spectra (DRS) were recorded on a Shimadzu UV-19001
spectrophotometer (200-800 nm wavelength range). Morphological analysis was
conducted using a Zeiss Gemini 300 field-emission scanning electron microscope
(SEM). Elemental composition and chemical states were determined by Thermo
Scientific K-Alpha X-ray photoelectron spectroscopy (XPS). Fourier transform
infrared (FT-IR) spectra were acquired using a Vertex 70 spectrometer (4000-400

cm™).
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Catalyst synthesis

Synthesis of BiOBr: Bi(NO3)3;-5H,0 (4 mmol) was dissolved in 50 mL deionized
water with stirring for 0.5 h. A KBr solution (4 mmol in 20 mL H,0O) was then added
dropwise to the solution with continued stirring for 0.5 h. The mixture was transferred
to a 100 mL Teflon-lined autoclave and hydrothermally treated at 160 °C for 12 h. After
cooling to room temperature, the product was washed with deionized water and ethanol
three times, then dried at 60 °C for 24 h to obtain BiOBr (denoted as BOB).

Synthesis of t,-PM/BOB, composites: As shown in Fig. S1, H;PM,040 (PM, 0.1
g) and BOB (0.1 g) were homogeneously ground in an agate mortar for 15 min at 120
rpm rotational frequency. The homogenized mixture was transferred to a alumina
combustion boat and calcined in a tube furnace with continuous gas flow (200 mL/min)
using a precisely controlled thermal protocol: ramping from room temperature to 200
°C at 5 °C/min, followed by 2 h isothermal annealing. Post-calcination, the system was
cooled to 30 °C at 10 °C/min, yielding a green solid denoted as t,-PM/BOB,, where the
subscript “n” represents calcination temperatures (25, 100, 150, 200, 220, 250, 300 °C),
and “x” indicates the mass ratio of BOB in the composite (0.16, 0.25, 0.5, 0.75, 0.8).
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Fig. S1 Schematic diagram of synthesis process of t,-PM/BOB,.

Evaluation of photocatalytic CO; reduction performance

A catalyst (10 mg) was dispersed in 1 mL deionized water via sonication. The
suspension was deposited onto a circular glass substrate (2 cm diameter) using a spin-
coating method, followed by ambient drying for 12 h to form a uniform catalytic film.
This film was then suspended in a gas-tight quartz reactor containing 5 mL deionized
water, ensuring physical separation between the film and aqueous phase (Fig. S2a).

Prior to illumination, the reactor was evacuated to remove residual air and purged with



high-purity CO; (99.999 %). The total volume of the reactor with gas pipelines is 550
mL. The CO, partial pressure in the reactor was maintained within the range of 2.0-
18.4 kPa (2-18 vol%), with a stable flow velocity of 20 mL-min-!. Temperature control
was maintained at 25+5 °C using a recirculating chiller system. Photocatalytic reactions
were driven by a 300 W xenon lamp equipped with an AM 1.5G filter (light intensity:
117.22 mW-cm?). Reaction products were automatically sampled at 30-min intervals
through an online gas chromatograph (GC9790plus, FULI INSTRUCMENTS, China)
equipped with a FID. Quantification was performed using pre-calibrated standard

curves as detailed in Fig. S2b.
Characterization of photochemical properties

The catalyst (10 mg) was ultrasonically dispersed in 2 mL ethanol containing 30
uL Nafion solution (5 wt%) to form a homogeneous suspension, followed by immersion
of a 1x2 cm FTO glass substrate into the mixture. Uniform catalyst loading was
achieved via centrifugation at 8000 rpm, and the coated substrate was air-dried to form
a catalytic film. Photoelectrochemical measurements were conducted in a three-
electrode system (Pt counter electrode, Ag/AgCl reference electrode) using 0.25
mmol-L! tetrabutylammonium hexafluorophosphate as electrolyte under illumination
from a 300 W xenon lamp. Transient photocurrent (PTC) was recorded over 200 s with
20 s light chopping intervals, while electrochemical impedance spectroscopy (EIS) and
Mott-Schottky (M-S) analyses were performed in frequency ranges of 0.01 Hz—100
kHz and potential windows of OCP #1 V, respectively, utilizing a CHI 660I

electrochemical workstation.
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Fig. S2. (a) CO quantification standard curve derived from gas chromatography

analysis and (b) Photos of the photocatalytic CO, reduction reactor
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Fig. S3 The XRD pattern of PM, and inset is photograph of yellow PM powder.
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Fig. S4 Color change diagram of catalyst t,-PM/BOB, s (n= 25, 100, 150, 200, 220,

250, 300 °C) at different temperatures
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Fig. S5 UV-vis DRS spectra of t,-PM/BOB, s composites synthesized at different

calcination temperatures
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Fig.S6 Comparison of (a) XRD and (b) IR patterns of composite materials before and

after photocatalytic CO, reduction reactions
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Fig. S7 The photocatalytic performance of t;0o-PM/BOB 5 under varying CO,

concentrations
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Flg. S8 The UV-vis DRS of tzoo-PM/BOBobs

Table 1 Comparison of PCR performance with comparable materials under solid-gas

mode
CcoO
Light source Photocatalyst Refs.
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(AM 1.5)

A 300 W Xe lamp 8% P-BiOBr 9.13 Journal of Molecular Structure,
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