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Experimental Procedures

Synthesis of amino functional UiO-66

Preparation of UiO-66: 31.5 mg of ZrCly and 26.4 mg of ATA were put into a
stainless-steel reactor containing 10 mL of DMF and 1.2 mL of acetic acid. After
thorough mixing, it was heated at 120 °C for 24 hours. A white product was obtained,
which was collected by centrifugation and washed with DMF and ethanol three times
respectively. The product was dried in a vacuum oven at 80 °C overnight (80% yield).

The resulting samples were denoted as UiO-66.

Synthesis of Tp-COF

Preparation of Tp-COF: 58.4 mg of TTBA and 24 mg of Tp were placed in a 50
mL of Pyrex tube containing 1 mL of butanol, 1 mL of mesitylene and 0.2 mL (6 M)
of acetic acid. Subsequently, the Pyrex tube was placed onto a sonic bath for 20
minutes to obtain a homogeneous mixture. Next, vacuum the Pyrex tube with a
vacuum pump to remove oxygen. Finally heated at 120°C for 72 hours. A yellow
product was obtained, which was collected by centrifugation, and washed three times
each with THF and acetone, respectively. The obtained solid was then soaked in THF
for 48 h. The obtained product was dried overnight in a vacuum oven at 80°C (92%

yield).

Photocatalytic performance measurements

The 10 mg as-prepared heterojunction photocatalyst was thoroughly dispersed in 80
mL 2.5% triethylamine solution via ultrasonication for 10 minutes. The resulting
mixture was then transferred to a reaction flask and irradiated under visible light (A >
420 nm) using a 300 W xenon lamp (Microsolar 300, Beijing Perfectlight) equipped
with a cutoff filter. The reaction was conducted under air atmosphere with continuous
stirring. Circulating cooling water was used to maintain the reaction temperature at
25 °C. After irradiation, 1 mL of the reaction solution was sampled with a syringe and
filtered through a 0.2 um Millipore membrane to remove the photocatalyst. The

concentration of produced H,O, was quantified using the KI titrimetric method.[1]
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Hydrogen peroxide oxidizes I to yellow I3, and the absorbance of I3~ at 352 nm
is detected by UV-vis spectro-photometer, and the concentration of produced H,0,
can be obtained according to the standard curve. Thus, the concentration of produced

H,0; could be calculated by the following equation:
¢(H202) = c(13)

A series of I3~ solutions with varying concentrations were prepared, and the
absorbance values at 352 nm were measured by UV-vis spectrophotometer. The
relationship between absorbance and concentration was obtained by linear simulation,

as 1illustrated below:

1.2F
‘q A=0.0048C-+0.0856
S 00} i
B R?=0.998
g
=
S06}
ol e
<
03F

0 50 100 150 200 250
1,” concentration (uM)

Scheme S1. Calibration curve

According to the calibration curve of I3~ concentration and the absorption

intensity, the concentration of produced H,O, could be calculated.

DFT calculations

Density functional theory (DFT) calculations were carried out using the exchange-
correlation function and CASTEP module. The HSE06 hybrid functional was used to
obtain the band structure. An energy cutoff of 750 eV and a Monkhorst-Pack k-point
mesh of 4 X 4 X 1 were used to perform geometry optimization and electronic
property calculations. The energy and force convergence criteria were set as 1.0 x 107
eV per atom and 0.03 eV A-!, respectively. A vacuum space of 20 A was used. The
work function (®) is calculated using ®= Ey,.-Er, where Ey,. is the electrostatic

potential of the vacuum level and Eg is the Fermi energy.



We carried out the DFT calculations in the standard Gaussian 16 software
packagell?ll Following which, the calculations of geometry optimization was carried
out by using the PBE-D3(BJ){[3, 4] (including London-dispersion correction)
function with the 6-311G(d) basis set for all atoms. The vibrational frequency is
subsequently carried out at the same level as geometry optimization for characterising
the nature of the stationary point that all frequencies of local minimum is positive and
for free energy calculation. In addition, the single-point energy of studied stationary
point is calculated by using the PBE-D3(BJ) function with the 6-311G(d,p) basis set
for all atoms.

The associative mechanism for two-electron ORR comprises sequential addition of
a proton and electron in each step, shown as below:

*+0,+H"+e — *OOH (1)
*OOH + H* + ¢~ — * + H,0, 2)
The asterisk (*) denotes the active site on catalyst.

In addition, the molecular orbital localization analysis related.



Results and Discussion

200 nm.

Fig. S1 SEM image of (a) UiO-66@Tp-COFs, (b) UiO-66@Tp-COF,; and (c)UiO-
66@Tp-COF | s.
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Fig. S2. (a) Fourier transform infrared (FT-IR) spectra of UiO-66, Tp-COF, and UiO-
66@Tp-COF;. (b) N 1s spectra for amino UiO-66 and Tp-modified amnio UiO-66.
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Fig. S3. The pore size distribution analyses of UiO-66, Tp-COF, and UiO-66@Tp-
COF;.
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Fig. S4. (a) X-ray photoelectron spectroscopy (XPS) and (b) electrochemical
impedance spectroscopy (EIS) of Tp-COF, UiO-66 and UiO-66(@Tp-COF;.



Fig. SS5. SEM images of UiO-66+Tp-COF;.
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Fig. S6. (a) photoluminescence spectra (PL, excited at 375 nm) and (b) Photocurrent
response of UiO-66+Tp-COF; and UiO-66@Tp-COF;.
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Fig. S8. Performance of UiO-66@Tp-COF; for four consecutive cycles of H,0,

production.
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Fig. S9. (a) XRD patterns, (b) FT-IR spectra, (c) N, sorption isotherms, and (d) XPS
O Is spectra of the UiO-66(@Tp-COF,; before and after reaction cycles.

We compared the high-resolution O 1s spectra of the fresh and used UiO-66@Tp-
COF, catalyst after four consecutive reaction cycles. The spectra show negligible
shifts in the binding energies and no significant changes in the relative ratios of the
characteristic peaks (e.g., C-O, C=0, Zr-O). This indicates that the chemical states of
the key elements, particularly the interfacial imine bonds and the keto-enamine
tautomers, remain intact. We compared the FTIR spectra of the catalyst before and
after the reaction. The characteristic absorption bands remain virtually unchanged.
Specifically, the bands corresponding to the C=N stretch (around 1620 cm™) and the
C=C bonds (from the aromatic rings and tautomers) show no signs of degradation or
shift. The post-reaction XPS and FTIR analyses provide strong evidence that the UiO-
66@Tp-COF; heterojunction is a highly stable catalyst. The active sites (the keto-
enamine tautomers at the interface) are not consumed or permanently altered during
the reaction. This suggests that the mechanism involves a catalytic cycle where the

active sites facilitate the reduction of O, to H,O, and are regenerated.
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Fig. S10. The controlled experiments of H,O, generation under different scavengers

for UiO-66@Tp-COF,.
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Fig. S11. UV—vis absorption spectra of the nitroblue tetrazolium generated by

samples in the presence of light and oxygen.
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Fig. S12. Kubelka-Munk function vs. the energy of incident light plots in Tp-COF,
Ui0-66 and UiO-66@Tp-COF;.
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Fig. S13. Mott-Schottky plots of (a) UiO-66 and (b) Tp-COF.

0.0



—
QO
~—

Vacuum level (b) - Vacuum level

o
L

D =3.03eV

Fermi level

|
=S
1

|
(o]
L

Electrostatic potential (eV)
Electrostatic potential (eV)

1
—_
N

L

Fractional coordinate Fractional coordinate

Fig. S14. The calculated work function and corresponding structures of (a) UiO-66
and (b) Tp-COF
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Fig. S15. Band structure of Tp-COF, UiO-66 and heterojunction.
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Fig. S16. The decay signals of Tp-COF and UiO-66(@Tp-COF;.
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Fig. S17. UV-vis absorption spectra of UiO-66@Tp-COF,.
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Fig. S18. Photoluminescence spectra (PL, excited at 375 nm) of UiO-66(@Tp-COFs.
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Fig. S19. Photocurrent response of UiO-66(@Tp-COF.
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Fig. S20. EIS Nyquist plots of UiO-66@Tp-COF,.
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Fig. S21. Gibbs free energy diagrams of the O, photoreduction to H;O, on Tp-COF
and Ui0-66@Tp-COF,.



Table S1. Textural parameters of parent UiO-66, Tp-COF and UiO-66@Tp-COF;.

SBET* Smic* Smeso/SBET I/t* Vmic* lec/I/t(%)
Sample
(m*g)  (m%g) (%) (cm/g)  (cm’/g)
Ui0-66 947 913 96 0.37 0.34 92
Tp-COF 1046 807 77 0.64 0.35 55
UiO-66@Tp-COF, 453 449 99 0.32 0.19 59

* Sper and Sy is the surface area of BET and mesoporous structure, respectively.

* J, is the total volume. Vy,;. is mesoporous volume.



Table S2 Binding energy of peaks separated from N 1s spectra of Tp-COF and UiO-66@Tp-
COF,

Binding Energy
Sample -NH- -C=N-

Position (eV) Content (%) Position (eV) Content (%)

Tp-COF 399.9 79.1 398.5 20.9
UiO-66@Tp-COF 5 399.7 62.8 398.3 37.2
UiO-66@Tp-COF, 399.7 73.2 398.3 26.8

Ui0-66@Tp-COF, 5 399.7 89.8 398.3 10.2
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