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Figure S1. XRD patterns of various samples. (a) Composites synthesized with different surfactant 
treatments. (b) Composites prepared with different mass ratios of added N-BaTa2O6. (c) N-BaTa2O6 
before and after SDS treatment. (d) ZIF-8 samples synthesized with different precursor 
concentrations.



Figure S2. SEM images of composites synthesized with different mass ratios of added N-BaTa2O6. 
(a) 50 mg, (b) 100 mg, (c) 200 mg, (d) 400 mg



Figure S3. SEM images of composites prepared with different surfactant treatments. (a) Direct 
hydrothermal synthesis (no surfactant), (b) with CTAB addition, (c) with PVP addition.



Figure S4. XPS spectra of samples before and after hybridization. (a) Survey spectra of the 
composite, pristine ZIF-8, and N-BaTa2O6. (b) Ba 3d spectra of the composite and N-BaTa2O6. (c) 
Ta 4f spectra of the composite and N-BaTa2O6. (d) C 1s spectra of the composite and ZIF-8.



Figure S5. FTIR spectra of the optimal composite (red), pristine ZIF-8 (black) and bare N-BaTa2O6 
(blue).



Figure S6. DRS spectra of composites synthesized with (a) different surfactant treatments and (b) 
different mass ratios of added N-BaTa2O6.



Figure S7. Mott-Schottky plots of (a) N-BaTa2O6, (b) ZIF-8, and (c) the composite, respectively.



Figure S8. (a) Photocatalytic CO production of composites synthesized with different surfactants 
(SDS, CTAB, PVP) compared to the direct hydrothermal composite (no surfactant). (b) CO 
production of composites prepared with different amounts of SDS treated N-BaTa2O6 in the 
precursor solution of ZIF-8. 



Figure S9. Long‑term continuous CO production over the ZIF‑8/SDS‑N-BaTa2O6 composite sheet 
under 12 h of irradiation.



Figure S10. Characterization of the optimal composite before and after photocatalytic reaction. (a) 
XRD patterns. (b) XPS survey spectra. (c1) XPS Ta 4f spectra. (c2) XPS Ba 3d spectra. (c3) XPS 
Zn 2p spectra. (c4) XPS N 1s spectra.



Figure S11. Ex‑situ FTIR spectra of the ZIF‑8/SDS‑N‑BaTa2O6 composite after 0, 1, 2, and 4 h of 
photocatalytic CO2 reduction in pure water.



Figure S12. Blank control experiments under different conditions.



Table S1. Conduction band minimum (ECB), valence band maximum (EVB), and band gap (Eg) 
values for ZIF-8 and N-BaTa2O6 derived from Mott-Schottky, UPS, and DRS measurements.

Samples CB (eV) VB (eV) Band energy (eV)

ZIF-8 -1.2 2.1 3.3

N-BaTa2O6 -0.9 1.1 2.0



Table S2. Textural properties of ZIF-8 and the optimal composite determined from N2 adsorption-
desorption isotherms using BET and t-Plot methods: specific surface area (SBET), micropore volume 
(Vmicro), and average pore size.

Samples
SBET

(m2 g-1)

Smic

(m2 g-1)

Vtotal

(cm3 g-1)

Vmic

(cm3 g-1)

Average

Pore Size (nm)

ZIF-8 1830 1837 0.6195 0.6279 1.13

Composite (SDS) 1100 1097 0.3968 0.3737 1.23



Table S3.  Relative content (%) of Ta-N and Ta-O species obtained from the deconvolution of XPS 
Ta 4f spectra for pristine N-BaTa2O6 subjected to different photocatalytic reaction durations.

Content (%)
Peaks

(eV)
before reaction 4h reaction 8h reaction 16h reaction

Ta-N 24.7、26.6 22 8 4 2

Ta-O 25.8、27.7 78 92 96 98



Table S4. Peak area values for the Ta-O, O-H, and C=O species obtained from the deconvolution 
of XPS O 1s spectra for pristine N-BaTa2O6 subjected to different photocatalytic reaction durations.

Peak area
Peak

(eV)

before 

reaction
4h reaction 8h reaction 16h reaction

Ta-O 530.0 6139 4926 5355 7139

O-H 531.4 5422 4410 4645 4273

C=O 532.4 0 1623 1950 2157



Table S5. Comparison of photocatalytic CO production rates for representative MOF‑oxide 
composite photocatalysts. 

Photocatalyst Sacrificial 
agent/photosensitizer

CO generation rate 
(μmol g-1 h-1)

Reference 
No.

ZIF-8/N-BaTa2O6 (sheet) - 6.5 Our work

Co-MOF/Cu2O - 3.8 S1

Cu2O/Ni-MOF - 5.4 S2

UiO-66/Bi4O5Br2 - 8.4 S3

MOF-BiOBr/CdIn2S4 - 3.4 S4

Ce/Zr-NH2-UiO-66/CdIn2S4 - 6.0 S5

NiFe2O4@N/C/SnO2 TEOA+MeCN+[Ru(b
py)3]Cl2•6H2O

2057.4 S6

In2O3@ZIF-67 TEOA+[Ru(bpy)3]Cl2•
6H2O

33420 S7

PtO/Fe-soc-MOFs TEOA 56.7 S8

ZIF-67/DCD/Ru - 1495 S9

Pd-HPP-TiO2 (sheet) - 4.9 S10
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