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1. Characterization of Photocatalysts 

 

Figure S1. 3D framework of Zr-TPBD with Zr6-SBUs and H4TPBD ligand. Hydrogen atoms 

and solvent molecules are omitted for clarity. Turquiose, Zr; red, O; gray, C; blue, N. 
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Figure S2. PXRD patterns of Zr-TPBD-Cu in different solvents. 
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Figure S3. TGA curves of Zr-TPBD and Zr-TPBD-Cu samples. 
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Figure S4. N2 adsorption-desorption isotherms of Zr-TPBD (Insets: the pore size 

distributions). As shown in Figure 1c and S4, both Zr-TPBD nad Zr-TPBD-Cu samples 

exhibited unsaturated uptake at the point of P/P0 = 1, which were attributed to the 

existence of the mixed micropore-mesoporous system in both materials. As a proof of 

concept, it is widely known that porous materials with a mixed micropore (1.23 nm 

and 1.83 nm) and mesoporous (3.52 nm) system may exhibit a superimposed effect of 

multi-layer adsorption and capillary coagulation in the high-pressure area, resulting in 

the adsorption curve not reaching a stable platform. 
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Dye Uptake Method: Before the dye uptake experiments, Zr-TPBD and Zr-TPBD-Cu 

were firstly washed with acetone three times for guest molecular exchange. Then, the 

Zr-TPBD and Zr-TPBD-Cu were soaked in a CH3CN solution of Esoin Y on oscillator 

overnight at room temperature. The resulting MOFs were washed with CH3CN solution 

thoroughly to remove the residual dye from the MOFs surfaces until the solution 

become colourless, and then dried under a stream of air. The dried-out MOFs were 

dissociated by 2mL concentrated hydrochloric acid, and the solution was diluted to 

3mL CH3CN. The absorption experiments were performed on a UV-vis spectroscopy. 

The concentration of Esoin Y dye was determined by comparing UV-vis absorption with 

the standard curve (Figure S5). 

 

Figure S5. (a) UV-Vis spectra of Esoin Y in CH3CN at different concentrations. (b) Plots 

of the absorbance of Eosin Y at 531 nm as a function of its concentration, and the 

absorbance of digested Zr-TPBD (pink asterisk) and Zr-TPBD-Cu (violet asterisk) in 

CH3CN. 
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Table S1. Elemental analysis of Zr-TPBD-Cu sample. 

Sample Atomic contents 

 C (wt %) N (wt %) O (wt %) Zr (wt %) Cu (wt %) 

Zr-TPBD-Cu 50.5 2.15 20.3 19.5 5.1 
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Figure S6. (a) SEM and (b) EDS mapping images of Zr-TPBD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b)

400 nm 400 nm

400 nm 400 nm 400 nm

Zr

C O N



S9 
 

 

Figure S7. (a) HRTEM image of Zr-TPBD-Cu. (b) The corresponding histogram of 

nanomicelle sizes obtained from TEM image. 
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Figure S8. (a) The Diffuse Reflectance FT-IR and (b) the laser Raman confocal 

microspectrometry of Zr-TPBD and Zr-TPBD-Cu. Fourier transform infrared (FT-IR) 

spectra were collected in the range of 400-3500 cm-1 as KBr pellets on Thermo Fisher-

6700. Raman spectra were collected on a Lab Raman HR Evolution at excitation 

wavelength of 633 nm in a scan range from 500 to 2000 cm-1 on powdered samples on 

air. 
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Figure S9. XPS full-scale spectrum of the as-prepared Zr-TPBD. 
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Figure S10. (a) Zr3d spectrum, (b) C1s spectrum, (c) O1s spectrum and (d) N1s 

spectrum of Zr-TPBD. 
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Figure S11. Transient fluorescence lifetime spectra analyses and fitting results of Zr-

TPBD and Zr-TPBD-Cu. 

Table S2. Average fluorescence lifetime fitting of Zr-TPBD and Zr-TPBD-Cu. 

Sample A1 τ1 A2 τ2 

Zr-TPBD 0.14118 0.44453 0.02964 7.15898 

Zr-TPBD-Cu 0.14089 0.46952 0.0351 8.94261 

The decay curves of Zr-TPBD and Zr-TPBD-Cu were fitted based on the equation: y = y0 

+ A1exp(-t/τ1) + A2exp(-t/τ2). The average lifetime was calculated by using the equation: 

τ = (A1τ1
2 + A2τ2

2)/(A1τ1 + A2τ2). 
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Figure S12. Adsorption-desorption curves of O2 on Zr-TPBD and Zr-TPBD-Cu. 
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Figure S13. Transient photocurrents of Zr-TPBD-Cu sample recorded in air, O2 and Ar 

atmospheres. 
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Figure S14. (e) Kinetic profiles of the oxidation of a-terpinene to 4-isopropyltoluene 

(solid line) and ascaridole (dotted line) catalysed by Zr-TPBD (pink) and Zr-TPBD-Cu 

(violet) under 300 W Xe lamp (λ > 420 nm) illumination. (f) Conversion of aterpinene 

into 4-isopropyltoluene, ascaridole, and others catalysed by both Zr-MOFs. As shown 

in Fig. S14, under Xe lamp (λ > 420 nm) irradiation, the conversion rate of α-terpinene 

oxidation within 1 h using Zr-TPBD-Cu as photocatalyst can reach 100 % with a 

selectivity of 76% for associated-•O2
− aromatic product, indicating that the primary 

ROS was identified as •O2
− during the initial catalytic stages. 
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2. Visible-light Photocatalytic Oxidation Mediated by Zr-TPBD-Cu 

Table S3. Comparison of photocatalytic H2O2 production rates of Zr-TPBD-Cu and other 

recently reported photocatalysts. 

Catalysts 
Reaction 

pathway 

H2O2 yield 

(μmol·g-1·h-1) 

AQY 

(%) 
Reference 

Zr-TPBD-Cu 
Benzylamine 

oxidation, ORR 

73500 13.1 
This work 

Zr-TPBD 16300 / 

Co14(L-CH3)24 WOR, ORR 146.6 / S1 

BTDB-CN0.2 ORR 1920 2.99 S2 

Ca(II)@ACG ORR 1021.5 / S3 

ZrS3 NBs ORR 1560 11.4 S4 

NMT400 ORR 1695.3 2.6 S5 

BBTz ORR 7274 7.14 S6 

N-AT/PTCA ORR 63520 15.9 S7 

D-A CNP-s ORR 32000 / S8 

TPC-3D ORR 9991 30.9 S9 

Nv-C=N-CN ORR 3093 1.8 S10 

NiSAPs-PuCN ORR 342.2 10.9 S11 

UCN-DTDA ORR 7300 / S12 

CN-NH4-NaK ORR 16675 28.4 S13 

CN-KI3-KI-MV ORR 46400 27.56 S14 

2L-mCN/F-Naf ORR 5380 / S15 

CNNT-Al WOR 1410.2 7.9 S16 

Zn-MOF(lc)/400 ORR 4780 / S17 

Au-TFPT ORR, WOR 51987 1.8 S18 
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CuBr-dptz ORR 1874 0.4 S19 

EFB-MOF ORR 1676 / S20 

JNM-25 ORR, OER 17476 4.72 S21 

UiO/IKCN ORR 13300 10.28 S22 

C3N4-Zn-N(C) ORR 7800 26.8 S23 

TAPD-(Me)2 COF ORR 234.52 / S24 

COF-N32 ORR 605 6.2 S25 

Daz COFs ORR 7327 11.9 S26 

TTH-CTP ORR 23700 9.6 S27 

EO-COF ORR 2675 6.57 S28 

TFPA-TAPT-COF-Q ORR 11831.6 / S29 

D-A COF-2 ORR, WOR 6930 2.5 S30 

PTH-S-COF ORR, OER 13565 / S31 
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Figure S15. EPR detection of 1O2 species trapped by TEMP in presence of DABCO 

quencher over Zr-TPBD-Cu under light irradiation. 
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Figure S16. EPR detection of O2·
− species trapped by DMPO in presence of ascorbic 

acid (AA) quencher over Zr-TPBD-Cu under light irradiation. 
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Figure S17. (a) UV-Vis absorption spectra of different H2O2 concentrations by iodimetry. 

(b) The standard linear relationship between the absorption and H2O2 concentrations. 
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Figure S18. Time-dependent UV-vis absorption spectra of generated H2O2 by iodimetry 

in H2O2 photosynthesis coupled with BA oxidative coupling reaction. 
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Figure S19. (a) Linear fitting of standard NH3 concentrations, (b) optical photograph of 

the solution containing yellow complex formed by Nessler reagent and NH3 when 

photocatalytic conversion of different amounts of benzylamine by Zr-TPBD-Cu. NH3 

was produced at the final reaction step of benzylamine coupling, which was verified 

by Nessler reagent colorimetry. 
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Figure S20. (a) UV-Vis absorption spectra of 20 mM NH3, 20 mM H2O2 and 20 mM H2O2 

+ 20 mM NH3 in iodimetry, (b) optical photograph of the solution containing 20 mM 

NH3 and iodine reagent. The interference from NH3 in determining the H2O2 yield was 

also excluded as no chromogenic reaction occurred to NH3 in iodimetry method. 
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Figure S21. (a) UV-Vis absorption spectra of 20 mM NH3, 20 mM H2O2 and 20 mM H2O2 

+ 20 mM NH3 in iodimetry, (b) optical photograph of the solution containing 20 mM 

NH3 and iodine reagent. The interference from NH3 in determining the H2O2 yield was 

also excluded as no chromogenic reaction occurred to NH3 in iodimetry method. 
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Figure S22. The ns-TA spectra decay curve monitored at 550 nm for Zr-TPBD-Cu in N2 

and O2. 
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Figure S23. (a) PXRD patterns, (b) FTIR spectra and (c) XPS survey spectra of fresh and 

used Zr-TPBD-Cu. 
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N-benzyl-1-phenylmethanimine 

 

1H NMR (400 MHz, CDCl3): 4.86 (s, 2H), 7.31-7.45 (m, 8H), 7.81-7.89 (m, 2H), 8.29 (s, 

1H) 

N-(4-methylbenzyl)-1-(p-tolyl)methanimine 

 

1H NMR (400 MHz, CDCl3): 2.34 (s, 3H), 2.38 (s, 3H), 4.76 (s, 2H), 7.14-7.24 (m, 6H), 

7.67 (d, 2H, J = 8.0 Hz), 8.34 (s, 1H). 

N-(4-methoxybenzyl)-1-(4-methoxyphenyl)methanimine 

 
1H NMR (400 MHz, CDCl3): 3.74 (s, 3H), 3.81 (s, 3H), 4.67 (s, 2H), 6.91 (d, 2H, J = 8.4 

Hz), 7.02 (d, 2H, J = 8.8 Hz), 7.26 (d, 2H, J =8.8 Hz), 7.73 (d, 2H, J = 8.8 Hz), 8.36 (s, 1H). 

N-(4-butylbenzyl)-1-(4-butylphenyl)methanimine 

 
1H NMR (400 MHz, CDCl3): 0.97-1.01 (m, 6H), 1.37-1.47 (m, 4H), 1.61-1.71 (m, 4H), 

2.64-2.71 (m, 4H), 4.83 (s, 2H), 7.21 (d, 2H, J = 8.0 Hz), 7.26-7.31 (m, 4H), 7.75 (d, 2H, 

J = 8.4 Hz), 8.41 (s, 1H). 

N-(4-fluorobenzyl)-1-(4-fluorophenyl)methanimine 

 

1H NMR (400 MHz, CDCl3): 4.73 (s, 2H), 7.14 (dd, 2H, J = 12.4, 5.4 Hz), 7.26 (t, 2H, J = 

8.8 Hz), 7.35 (dd, 2H, J = 8.5, 5.7 Hz), 7.79-7.91 (m, 2H), 8.45 (s, 1H). 

N-(4-chlorobenzyl)-1-(4-chlorophenyl)methanimine 
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1H NMR (400 MHz, CDCl3): 4.75 (s, 2H), 7.33-7.40 (m, 4H), 7.50 (d, 2H, J = 8.6 Hz), 7.79 

(d, 2H, J = 8.4 Hz), 8.48 (s, 1H). 

N-(4-bromobenzyl)-1-(4-bromophenyl)methanimine 

 

1H NMR (400 MHz, CDCl3): 4.72 (s, 2H), 7.29 (d, 2H, J = 8.4 Hz), 7.52 (d, 2H, J = 8.5 Hz), 

7.65 (d, 2H, J = 8.8 Hz), 7.72 (d, 2H, J = 8.4 Hz), 8.47 (s, 1H). 
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