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a b s t r a c t

Utilizing sunlight to directly convert CO2 into value-added chemicals presents a pivotal strat-

egy for sustainable CO2 conversion and mitigating environmental challenges. Herein, a surface-

mounted 5,10,15,20-tetra(4-carboxyphenyl)porphyrin copper(II) (CuTCPP) anchoring on Bi12O17Br2 nan-

otubes (CuTCPP/Bi12O17Br2) heterojunction was employed as an operable platform for photocatalytic

CO2 reduction. The built-in electric field at the interface facilitates the efficient electron transfer

from Bi12O17Br2 to CuTCPP, significantly enhancing photoexcited charge separation and transfer kinet-

ics. Besides, the Cu(II) sites in CuTCPP act as supplementary catalytic centers that reduce the adsorp-

tion and activation energy barrier of CO2, thus accelerating the formation of ∗CO intermediates. The

CuTCPP/Bi12O17Br2 heterojunction exhibits enhanced photoreduction activity of CO2, achieving a CO evo-

lution rate of 92.2μmol g-1 h-1, which represents a 4.0-fold enhancement over Bi12O17Br2. This work of-

fers new insights into the development of heterojunctions with synergistically optimized charge transfer

and active sites.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The rising concentration of atmospheric CO2 disrupts the global

carbon cycle and exacerbates climate warming, posing an urgent

and complex issue [1,2]. Motivated by plant photosynthesis, pho-

tocatalytic technology directly utilizes solar energy to convert CO2

into carbon-based fuels, offering a sustainable scheme to this is-

sue [3,4]. However, a typical photocatalytic CO2 reduction process

involves sluggish kinetics of photoexcited charge transfer and sta-

ble thermodynamic of CO2 molecules, which significantly impedes

the catalytic performance [5]. Developing high-efficiency semicon-

ductor photocatalysts represents a promising strategy in field of

CO2 photoreduction, contributing to sustainable carbon manage-

ment and renewable fuel production [6].

To date, various semiconductor materials have been employed

for photocatalysis, such as titanium dioxide [7,8], carbon nitride

[9,10], sulfide [11,12], and bismuth-based catalysts [13,14]. Notably,

bismuth oxyhalide (BiOX, X= I, Br, Cl) have garnered significant

attention because of its low toxicity, exceptional chemical sta-
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bility, adjustable layered structure, and excellent light-harvesting

capability [15,16]. Nevertheless, the overall efficiency of photo-

catalytic CO2 reduction is constrained by poor charge separation

and inadequate catalytically active sites. To address these limi-

tations, advanced strategies including heterojunction construction

[17,18], defect engineering [19,20], and elemental doping [21,22]

have been extensively investigated. Among various strategies, the

construction of heterojunction structures demonstrates distinct

benefits by simultaneously facilitating charge transfer and recon-

figuring interfacial reactive centers [23]. For example, Liang et

al. created a closely connected interface between CoAl-LDH and

Bi12O17Cl2 to establish a rapid electron transfer channel, which en-

hanced the charge transfer process [23]. Wan’s group found that

NiCoP/Bi4O5Br2 material exhibited high degradation efficiency for

phenolic pollutants due to the superior adsorption capacity of

NiCoP. This characteristic endowed NiCoP/Bi4O5Br2 with an advan-

tage in activating O2, resulting in the production of more superox-

ide radicals [24].

However, the design strategy of heterojunction emphasizes the

selection of materials and the construction of heterogeneous in-

terfaces. The structure flexibility and tunability substituents on
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porphyrin ring facilitate precise modulation of optical and elec-

tronic properties, rendering porphyrins highly versatile for con-

structing composites with inorganic/organic materials [25,26]. Ac-

cording to previous reports, Jing et al. constructed electrostatically

self-assembled ZnTCPP/C60-EDA to improve charge separation ef-

ficiency [27]. Gao et al. developed TiO2 nanosheets/TCPP via the

Ti-O-C=O bond, which efficiently enhanced the light absorption

ability and the charge separation and transfer efficiency [28]. Fur-

thermore, after coordination of porphyrin with metal ions to form

metalloporphyrin complexes, the optimization of optical properties

over inorganic semiconductors would be significantly improved

compared to using porphyrin [29]. Particularly, the carboxyl and

phenyl groups in CuTCPP as electron accepting groups promote the

separation efficiency of photogenerated electrons and holes [30].

And Cu(II) sites facilitate the adsorption and activation of CO2,

playing an important role in improving the CO2 conversion effi-

ciency [31].

Herein, an electrostatic self-assembly method was adopted to

attach CuTCPP to ultrafine Bi12O17Br2 nanotubes for the construc-

tion of CuTCPP/Bi12O17Br2 heterojunctions. The interfacial built-in

electric field drives directional transfer of excited electrons from

Bi12O17Br2 to CuTCPP, facilitating charge separation. Furthermore,

the Cu(II) sites in CuTCPP act as the supplementary catalytic cen-

ters for the adsorption and activization of CO2, thus accelerat-

ing the generation of ∗CO intermediate. The CuTCPP/Bi12O17Br2
heterojunction demonstrated enhanced photoreduction activity of

CO2, achieving a CO evolution rate of 92.2μmol g-1 h-1. This per-

formance represents a 4.0-fold improvement over the pristine

Bi12O17Br2.

The CuTCPP/Bi12O17Br2 (CuPB) heterojunction was synthesized

by an electrostatic self-assembly method. Due to the carboxyl

groups -COOH in the periphery of CuTCPP, CuTCPP undergoes

NaOH-induced deprotonation, generating a negatively charged [32].

As observed in zeta potential measurements (Fig. 1a), Bi12O17Br2
(BOB) and deprotonated CuTCPP are oppositely charged, provid-

ing the necessary condition for the electrostatic self-assembly of

the CuTCPP/Bi12O17Br2 heterojunction (Fig. 1b). The zeta potential

of CuPB-2 composite catalyst is between BOB and CuTCPP, which

illustrates the effectiveness of electrostatic self-assembly strategy.

According to ICP-OES analysis (Fig. S1 and Table S1 in Support-

ing information), the CuTCPP loading amounts in CuPB-1, CuPB-2,

and CuPB-3 materials are 0.1148wt%, 0.1749wt% and 0.3319wt%,

respectively, close to theoretical loading. These values demonstrate

effective assembly of CuPB driven by electrostatic forces. The mor-

phology of BOB and CuPB-2 are observed by transmission electron

microscopy (TEM). Both BOB and CuPB-2 samples consist of the ul-

trafine hollow nanotubes with a diameter of around 5nm (Fig. 1c

and Fig. S2a in Supporting information). As shown in the HR-TEM

of BOB and CuPB-2 (Fig. 1d and Fig. S2b in Supporting informa-

tion), the lattice stripes of the CuPB-2 appear less distinct than

those of BOB, possibly due to the CuTCPP molecules assembling on

the BOB nanotubes surface. Elemental mapping shows that Bi, O,

Br, and Cu elements uniformly distribute on CuPB-2, proving that

BOB and CuTCPP were homogeneously assembled (Fig. 1e).

X-ray diffraction (XRD) technique was employed to investigate

the phase composition of the prepared catalysts. The diffraction

peaks of the pure BOB are well aligned with those of Bi12O17Br2
(JCPDS No. 37–0701). After the introduction of CuTCPP, the XRD

patterns of the CuPB composite catalysts do not exhibit any new

diffraction peaks, might be attributing to the relatively low load-

ing of CuTCPP (Fig. S3 in Supporting information). With the adding

amount of CuTCPP increases, the peak intensity of the CuPB com-

posites shows a downward trend, which suggests that CuTCPP

loaded on the surface of BOB. Fig. 2a shows the optical proper-

ties of prepared samples explored by ultraviolet-visible diffuse re-

flection spectroscopy (UV–vis DRS). The characteristic peaks in the

ranges of 340–450 and 520–640nm are attributed to the B band

and Q band of CuTCPP, respectively [27]. Additionally, a shoul-

der peak appears at 440nm, possibly arising from the intermolec-

ular interactions within CuTCPP [25]. In the UV–vis absorption

Fig. 1. (a) Zeta potential measurements of BOB, CuTCPP and CuPB-2. (b) Schematic diagram of the assembly process of CuPB. (c) TEM and (d) HR-TEM of CuPB-2. (e) Element

mapping images of Bi, O, Br and Cu over CuPB-2.
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Fig. 2. (a) UV–vis DRS of prepared samples. (b) Raman spectra of BOB, CuTCPP, and CuPB-2. (c) ATR-FITR spectra of prepared catalysts. High-resolution XPS spectra of BOB

and CuPB-2: (d) Bi 4f; (e) O1s, and (f) Br 3d.

spectra (Fig. S4 in Supporting information), CuTCPP exhibits peaks

at 418 and 541nm, corresponding to B band and Q band. Com-

pared to CuTCPP, the B band and Q band of CuPB are red-shifted,

proving the ground state electrons interaction between the por-

phyrin molecule [33]. As the CuTCPP increases, the B band shows

an increasing red-shift trend. This phenomenon provides evidence

for the formation of the CuPB composite, demonstrating the in-

terfacial interaction enhances the electron delocalization and de-

creases transition energy [27,34]. Raman spectroscopy was em-

ployed to further study the structure of catalysts. The Raman peaks

at 92.2 and 142.3 nm-1 are attributed to A1g
1 and A1g

2 modes

of BOB (Fig. 2b), respectively, corresponding to compression-type

movement of Bi–O bonds in the Bi2O2 cluster layers and the cou-

pling between magnetic and electric orders [35,36]. And peaks

associated with CuTCPP are also observed in the Raman spec-

trum of CuPB-2, located at 1004.3 cm-1 (deformation motion of

the phenyl ring), 1236.7 cm-1 (stretching mode of the phenyl ring),

1368.8 cm-1 (in-plane bending of C–H bonds in the phenyl ring),

1508.6 cm-1 (stretching mode of the pyrrole ring), and 1567.4 cm-1

(breathing vibration of the pyrrole ring) [37–40]. This proves the

presence of CuTCPP in composite photocatalyst. Compared with

BOB and CuTCPP monomer, Raman spectrum of CuPB-2 exhibits

red shift in A1g
1 mode and blue shift in phenyl and pyrrole

ring, which indicates that interaction between BOB and porphyrin

macrocycle leads to Bi–O tensile strain [41]. In the attenuated total

reflection Fourier transform infrared (ATR-FTIR) spectra (Fig. 2c),

the absorption peaks of 535.6 and 848.1 cm-1 belong to the Bi–

O bond [42]. With the increase of the CuTCPP loading, the peak

intensity of Bi–O bond gradually decreases, which suggests that

CuTCPP loaded on the surface of BOB. Meanwhile, the character-

istic peaks of CuTCPP in the composite material appear at 999.3

and 1404.9 cm-1, corresponding to the asymmetric tensile vibration

modes of the Cu–N bond and -COO-, respectively [29,43]. In the

ATR-FTIR spectra of CuPB, no peaks other than BOB and CuTCPP

were observed, indicating no interfacial bonds formed between

BOB and CuTCPP. The redshift of the Bi–O, Cu–N, and -COO− peaks

in the ATR-FTIR spectra of CuPB-2 (Fig. 2c and Fig. S5 in Support-

ing information), along with the zeta potential analysis, demon-

strate that BOB and CuTCPP are assembled through electrostatic

forces. X-ray photoelectron spectroscopy (XPS) was performed to

investigate the surface chemical state of BOB and CuPB-2. Both the

XPS spectra and Cu electron paramagnetic resonance (EPR) sig-

nal confirmed the successful assembly of CuPB-2 (Fig. S6 in Sup-

porting information) [44,45]. The high-resolution Bi 4f spectrum of

BOB reveals characteristic peak at binding energies of 163.9 and

158.5 eV are assigned to Bi 4f5/2 and Bi 4f7/2 (Fig. 2d), respec-

tively, corresponding to the Bi3+–O species [46]. The fitted peaks

at 531.0 and 529.5 eV in the O1s spectrum of BOB are attributed

to oxygen species adsorbed at oxygen vacancies and lattice oxy-

gen (Fig. 2e), respectively. As exhibited in the Br 3d spectrum of

BOB, the peaks at 68.8 and 67.8 eV are identified as Br 3d3/2 and

Br 3d5/2 (Fig. 2f), respectively, corresponding to Br− species [47]. In

the high-resolution XPS of CuPB-2, the characteristic peaks of O1s

and Bi 4f exhibit a shift to the lower binding energy compared to

those of BOB, suggesting that an electron redistribution occurs be-

tween BOB and CuTCPP. The above result indicates that the CuPB-2

heterojunction was constructed through strong electrostatic inter-

actions between BOB and CuTCPP.

To evaluate the photocatalytic performance of BOB and the

CuPB composite samples, photocatalytic CO2 reduction experi-

ments were conducted in a closed reactor under a CO2 atmo-

sphere. During the tests, 30mg of the catalyst was uniformly

dispersed in 50mL of distilled water without the use of any co-

catalysts or sacrificial agents. Except for CO, no peaks are observed

in gas chromatogram and hydrogen nuclear magnetic resonance

spectroscopy (H NMR) regarding CO2 reduction products (Fig. S7 in

Supporting information). This shows that the CuPB-2 heterojunc-

tion can achieve 100% CO production. After 5 h of light irradiation,

the CO yield of CuPB composites significantly increased compared

to pure BOB and CuTCPP (Fig. S8 in Supporting information). The

CO evolution rate for CuPB-2 is 92.2μmol g−1 h−1, which is 4.0

and 11.1 times higher than that of BOB and CuTCPP, respectively

(Fig. 3a). This suggests that the significant improvement in CO2

photoreduction activity is attributed to synergistic effects of CuPB

heterojunction. Compared to other reported Bi-based catalysts

tested in liquid-solid phase system, CuPB-2 maintains excellent

performance in photocatalytic CO2 reduction (Fig. 3b and Table

S2 in Supporting information). The stability of CuPB-2 was further

evaluated over a 20h irradiation, during which the CO yield

exhibited a steady increase (Fig. S9 in Supporting information),

highlighting the robust durability of the CuPB-2 heterojunction.

Further analysis of the liquid phase after 5h of irradiation revealed
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Fig. 3. (a) CO production rates of prepared catalysts. (b) Comparison of CO2 photoreduction performance with other Bi-based materials. (c) CO production rates of CuPB-

2 under different conditions (without CO2/in pure Ar, without light, without catalyst) and CuTCPP+BOB catalyst prepared by impregnation method. (d) The total ions

chromatographic in photoreduction CO2 process with 12CO2+13CO2 and the corresponding mass spectra at the reaction time of 4.51min over CuPB-2.

that H2O2 was the oxidative product (Fig. S10 in Supporting

information). Trace CO were detected in control experiments

conducted under pure Ar, in the dark, or in the absence of the

catalysts (Fig. 3c), confirming the necessity of the photocatalytic

experiments. Moreover, the CO revolution rate for the mixture of

CuTCPP and BOB, fabricated using the impregnation method, is

47.5μmol g−1 h−1, significantly lower than that of the CuPB-2

heterojunction synthesized via electrostatic self-assembly. To con-

firm the origin of CO product, a 13C isotope-labelling experiment

was conducted on CuPB-2 using a mixture of 12CO2 and 13CO

(Fig. 3d). The total ions chromatographic shows a peak at 4.51min

contributing to CO. The corresponding mass spectrum analysis

reveals peaks at m/z=28 and 29 are attributed to 12CO and 13CO,

respectively. This isotopic labelling study testifies that the CO

product originates from the reduction of CO2.

The bandgap energies (Eg) were determined using the

(αEphoton)
1/2 vs. Ephoton plots. The slope of the curve is extrapolated

to the x-axis, and the intercept represents the Eg of photocatalysts

[48]. As displayed in Fig. S11a (Supporting information), the Eg are

2.46 eV for BOB and 1.70 eV for CuTCPP, which is close to the re-

search reported [49,50]. According to XPS valence band (XPS VB)

spectra (Fig. S11b in Supporting information), the valance band en-

ergies (EVB) of BOB and CuTCPP are determined to be 1.28 and

1.03V (vs. NHE, pH 7), respectively. The conduction band energy

(ECB) is calculated to be −1.18V for BOB and −0.67V for CuTCPP

based on the formula ECB = EVB − Eg [51].

According to ultraviolet photoelectron spectroscopy (UPS), the

work function (Ф) of BOB, CuTCPP and CuPB-2 are calculated to be

4.53, 4.43 and 4.49 eV, respectively (Figs. 4a-c) [52]. Based on the

above analysis, the Feimi level (EFermi) of CuTCPP is higher than

that of BOB, and the EFermi of CuPB-2 heterojunction lies inter-

mediate between BOB and CuTCPP. When CuTCPP and BOB con-

tact, electrons will flow from CuTCPP to BOB to equilibrate the

EFermi, resulting in a built-in electric field constructed at the inter-

face between CuTCPP and BOB [53,54]. Consequently, upon irradi-

ation, the photoexcited electrons will migrate from BOB to CuTCPP

(Fig. 4d).

To further explore the charge transfer mechanism of CuPB-

2, surface photovoltage (SPV) measurement was carried out to

demonstrated (Fig. 5a). Compared with pure BOB and CuTCPP, the

SPV response of CuPB-2 significantly increases, suggesting the en-

hanced charge separation efficiency in the CuPB-2 heterojunction

[55]. The charge separation dynamics were further explored by

photoluminescence (PL) spectroscopy. The steady-state PL spectra

(Fig. 5b) show that the apparent PL quenching in CuPB-2 suggests a

decrease in the recombination of photoexcited electron-hole pairs

[56]. Moreover, time-resolved PL decay spectra were analyzed by

tri-exponential fitting (Fig. 5c and Table S3 in Supporting infor-

mation). The lifetime τ 1 represents the radiative decay process

of electrons from the CB or defect state to the VB of semicon-

ductor. The longer τ 1 lifetime observed for CuPB-2 compared to

BOB indicates the lower charge carriers’ recombination rate [57].

Meanwhile, the higher proportion and shorter lifetime of τ 3 in

CuPB-2 suggest the presence of a rapid electron transfer channel

in the electrostatically assembled CuPB-2 heterojunction. CuPB-2

displays longer average lifetime than that of BOB, further indicat-

ing the faster electron transfer kinetics in CuPB-2 heterojunction

[58]. The charge transfer behaviors were evaluated by electrochem-

ical impedance spectra (EIS) and transient photocurrent response

curves. As shown in Fig. 5d, the Nyquist plot radius of CuPB-2

is smaller than BOB and CuTCPP, confirming the smaller charge

transfer resistance at the interface between BOB and CuTCPP [59].

The current density value of CuPB-2 is much higher than those of

BOB and CuTCPP (Fig. 5e), verifying that more electrons are rapidly

transferred to the surface of CuPB-2 [60]. Electron spin resonance

(ESR) was conducted to determine the concentration of electrons

and holes. 2,2,6,6-Tetramethylpiperidine-1-oxyl (TEMPO) with un-

paired electrons exhibits triplet signals with an intensity of 1:1:1

in the dark. Upon illumination, the signals intensity would de-

crease due to the facts that TEMPO react with photoexcited elec-

trons to form TEMPOH in aqueous solution or react with holes to

form TEMPO+ in acetonitrile solution [61]. Compared to BOB, the

signals of TEMPO-e− and TEMPO-h+ in CuPB-2 were more signifi-

cantly suppressed after light exposure (Fig. 5f and Fig. S12 in Sup-

porting information). This demonstrates that higher concentration

of electrons and holes are transferred to the surface of CuPB-2,

thereby facilitating photocatalytic CO2 reduction.

The hydrophilicity of BOB and CuPB-2 were analyzed by wa-

ter contact angle experiments. As displayed in Fig. S13 (Supporting

information), the contact angle of BOB is measured at 15°, while

CuPB-2 exhibits a higher contact angle of 19°, indicating that CuPB-

2 has a more hydrophobic surface. The hydrophobicity of CuPB-2
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Fig. 4. UPS of (a) BOB, (b) CuTCPP and (c) CuPB-2. (d) Internal electric structure model of CuPB-2.

Fig. 5. (A) SPV spectra of BOB, CuPB-2 and CuTCPP. (b) Steady-state PL spectra and (c) time-resolved PL decay spectra of BOB and CuPB-2. (d) EIS and (e) transient photocur-

rent response spectra of BOB, CuTCPP and CuPB-2. (f) TEMPO-e− ESR spectra of BOB and CuPB-2 in the dark, upon irradiation for 5 and 10min.

might suppress the hydrogen evolution reaction, thereby enhanc-

ing the photoreduction CO2 activity and selectivity over the CuPB-

2 heterojunction [62]. Linear sweep voltammetry (LSV) was further

analyzed for the electron competition between CO2 reduction and

hydrogen evolution during the photoreduction process. As shown

in Fig. S14 (Supporting information), under an Ar atmosphere, the

cathodic current mainly originates from hydrogen evolution reac-

tion, whereas under a CO2 atmosphere, the current is mainly de-

rived from CO2 reduction reaction. CuPB-2 shows a higher current

in CO2 atmosphere than in Ar atmosphere, demonstrating its pref-

erence for the CO2 reduction reaction. After illumination, the cur-

rent density of CuPB-2 significantly increases, suggesting the sig-

nificant role of light in driving CO2 reduction process.

The process of CO2 adsorption, activation, and conversion on

the catalyst surface was investigated using in situ DRIFTS. The vi-

brational bands at 2334 and 2360 cm−1 correspond to the asym-

metric stretching vibration of O=C=O [63,64]. As the CuTCPP

loading increases, the CO2 adsorption peaks progressively intensify,

indicating that CuTCPP promotes the adsorption of CO2 (Fig. S15

in Supporting information). Furthermore, as displayed in Fig. S16

(Supporting information), the CO2 adsorption capacity of CuPB-2

significantly enhances upon CO2 injection in the dark, suggest-

ing a greater amount of CO2 is restrained on the CuPB-2 surface.

The decrease of CO2 adsorption peaks (Figs. 6a and b) and van-

ishment of Cu(Ⅱ) signal in EPR spectra (Fig. S6b) after irradiation

reveal that photogenerated electrons accumulate at the Cu(Ⅱ) ac-

tive sites and react with the absorbed CO2 [65]. The in situ DRIFTS

spectra of the intermediates over BOB shown in Fig. 6c, peaks at

1248, 1339 and 1480 cm−1 are respectively assigned to ∗CO2
−, b-

CO3
2−, and m-CO3

2− [66–68], while peaks at 1175 and 1446 cm−1

are assigned to HCO3
− [66,69]. In CuPB-2, these peaks display a

blue shift due to d-orbital coupling between Cu(Ⅱ) active sites

and reaction intermediate, strengthening the chemical bonding of

the intermediates (Fig. 6d). Furthermore, characteristic peaks at

5
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Fig. 6. In situ DRIFTS of photocatalytic CO2 reduction process: asymmetric stretching vibration of CO2 over (a) BOB and (b) CuPB-2; the intermediates during the photore-

duction process over (c) BOB and (d) CuPB-2; the ∗CO and CO over (e) BOB and (f) CuPB-2. (g) 3D time-resolved FTIR spectra and (h) 2D color-projected map over CuPB-2.

(i) Adsorption configurations of key intermediates over CuPB-2.

1298, 1401, and 1568 cm−1 are assigned to the key intermediate
∗COOH over BOB [70,71]. In contrast, CuPB-2 exhibits distinct vi-

brational signatures of ∗COOH. Specifically, the strongest character-

istic peak of ∗COOH over BOB appears at 1568 cm−1, correspond-

ing to the b-∗COOH configuration. For CuPB-2, the b-∗COOH peak

rapidly increases during the initial photoreduction period, while

the m-∗COOH peak at 1708 cm−1 becomes dominant after 20min

of light exposure (Figs. 6d, g and h). This difference originates from

the existence of Cu(Ⅱ) active site, which alters the adsorption con-

figuration of the intermediate [72]. As shown in Figs. 6e and f, the

peak at 2077 cm−1 corresponds to ∗CO [73]. The ∗CO intensity was

strongest at 10min of light exposure (Figs. S17 and S18 in Support-

ing information), indicating the initial accumulation of ∗CO at the

beginning of the reaction. As the reaction time extends, the ∗CO
peak diminishes and stabilizes, indicating an equilibrium between

the formation and desorption of ∗CO. CuPB-2 exhibits a larger peak

area after reaching equilibrium, suggesting that the Cu(II) sites ac-

celerate the formation of ∗CO intermediate. Therefore, more promi-

nent CO peaks at 2129 cm−1 are observed in Fig. 6f. Based on

above analysis, the possible photocatalytic CO2 reduction process

on CuPB-2 was shown in Fig. 6i.

In summary, CuTCPP was anchored onto the surface of

Bi12O17Br2 nanotubes to construct a CuTCPP/Bi12O17Br2 hetero-

junction for photocatalytic CO2 reduction. Owing to the built-in

electric field at the interface, photoexcited electrons effectively

transfer from Bi12O17Br2 to CuTCPP, which significantly promotes

charge separation and transfer efficiency. The Cu(Ⅱ) active sites sig-

nificantly enhance CO2 adsorption and activation, promoting the

generation of ∗CO intermediates. The CuTCPP/Bi12O17Br2 hetero-

junction exhibits a CO evolution rate of 92.2μmol g−1 h−1 un-

der irradiation, representing a 4.0-fold enhancement compared to

Bi12O17Br2 monomer. This work establishes valuable insights into

the development of heterojunctions that optimize charge transfer

and active sites.
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