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Supplementary Text

FTIR (Figure S2)

The peak and binding energy (74.98 eV) of Al 2p in AI-TCPP are in line with that of
aluminum oxyhydroxide (Al1-OOH) !, indicating the Al is connected with oxygen and hydroxyl
groups. Besides, in the FTIR spectra (e and f), the broad peaks at 2978, 2655, and 2531 cm!
corresponding to -OH stretch of carboxylic acid dispersed, while a new peak at 618 cm’!
corresponding to the Al-O group of aluminum oxyhydroxide? is present. These results collectively
prove that A’ is coordinated with the carboxylate-derived oxygen atoms of TCPP and two p,
axial-OH groups to form infinite AI(OH)O, chain in AI-TCPP3

BET surface area (Figure S6).

N, adsorption and desorption of Al-TCPP was performed on one 3Flex (Micromeritics) instrument at 77K.

At this temperature, the diffusion of N, to micropore is very slow, and the slow diffusional limitations at
this temperature might influence adsorption in carbon ultramicropores (pores smaller than 7 A)*. Due to
this reason, the ultramicropores (smaller than 7 A) are not detected via N, adsorption at 77K. To further
reveal the porosity of Al-TCPP, we performed the analysis with a TriStar (Micromeritics) by CO,
adsorption at 273K. CO, molecules at 273K can more easily access ultramicropores than N, at 77 K even
though the critical molecular dimensions of both gases are similar 4. According to the density functional
theory (DFT) model, three main pores with sizes of 5.2, 7.8-8.5, and 10.5 A were detected in AI-TCPP. In
the DFT method, the pore is treated as a spherical shape °. According to our previous study °, the size of
the elliptical pore in AI-TCPP is 9.3 x 3.7 A [elliptical] = 5.8 A[circle] and the rectangular pore is 9.3 x
6.1 A=7.8 Acircle]. Based on this, the peak at 5.2 A should be the contributed by the elliptical pore and
the peaks at 7.8-8.5 A are rectangular pores. The peak at 10.5 A could be contributed by caused by the
random aggregation of nanosheets °.

Mott-Schottky plots (FigureS8)

The flat band potential (Eg) of AI-TCPP is probed to be -1.36 V vs. Ag/AgClI (pH 5.5) according to its
Motto-Schottky plots. To convert the obtained Eg, vs. Ag/AgCl to it vs. RHE (NHE at pH=0), the following
equation is used: Exug = E4g/aget 0.059 pH + E° 44/44c1, Where Egyg is the converted potential vs. RHE,
E%xgagci = 0.1976 at 25 °C, and Exgaqci is the experimentally measured potential against Ag/AgCl reference.
The flat band potential of AI-TCPP is calculated to be -0.84 V vs. NHE.

'"H NMR spectra of oxidized benzyl alcohol product (Figure S13)

For 'TH NMR spectra, the resonance at 10.00 ppm corresponds to the aldehyde group of benzaldehyde, and
the resonance at 8.14 ppm corresponds to the carboxylic acid of benzoic acid, which could be used to
distinguish them. According to Figurel 1b, there is only one resonance at 10 ppm and no resonance at 8.14
ppm is detected in all the samples, indicating only benzaldehyde is present in the organic phase after
photocatalysis for 3 hours.



High-resolution XPS spectra (Figure S28)

The electron binding energy of porphyrin in the Cls spectrum of AI-TCPP shows a positive shift (+0.5 eV),
comparing that in TCPP (Figure S28a). Similarly, a positive shift (+0.4 eV) of binding energy is observed
in N1s spectra (Figure S28b). Generally, the presence of charge transfer between two components causes
shifts of binding energy in their XPS spectra, wherein a positive shift indicates electron donation happens.
Thereby, the obvious positive shift of binding energy in the Cls and Nls spectra implies the electrons
transfer process from porphyrin to Al node in Al-TCPP.
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Figure S1. Laboratory XRD patterns of AI-TCPP and pristine TCPP powder
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Figure S2. XPS survey spectra (a) of AI-TCPP and TCPP; high-resolution Al 2p (b) and O 1s (c)
of AI-TCPP, O 1s (c) of TCPP, Fourier transform infrared (FTIR) spectra (e) of AI-TCPP and
TCPP and enlarged area (800-400 cm!, f) FTIR spectra of AI-TCPP and TCPP.



Figure S3. TEM image of pristine TCPP sample
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Figure S4. N, adsorption and desorption plots of TCPP powder at 77K. The surface area of TCPP is
calculated to be 1.4045 m?/g according to Langmuir Model
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Figure S7. Solid UV-vis absorption spectra of AI-TCPP and TCPP powder (a); the Tauc plot of AI-TCPP
(b). Note that to better display the sharp Soret band of the sample, we diluted our samples with BaSO4 at
a mass ratio of 1:10.
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Figure S8 Mott-Schottky plots of AI-TCPP electrode tested with different frequencies.
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Figure S9 Photocatalytic H,O, production by Al-TCPP with different hole sacrificial organic reagent.
Reaction conditions: catalyst 7.5 mg; Water: 24 ml; organics: 6 ml; visible light irradiation for 20 minutes.
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Figure S10. (a) Pictures of AI-TCPP-benzyl alcohol suspension mixed with water under stirring conditions
(left) and after static treatment (right). After a short time (within 1min), the catalyst/benzyl alcohol
suspension and water form two phases; (b) H,O, amount in water and benzyl alcohol phase after

photocatalysis reaction: Reaction conditions: catalyst 7.5 mg; Water: 24 ml; benzyl alcohol: 6 ml; visible
light irradiation for 20 minutes.
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Figure S11. Contact angel of AI-TCPP(a) and TCPP (b) with water
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Figure S12. Contact angel of AI-TCPP(a) and TCPP (b) with benzyl alcohol.
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Figure S13. (a) Effect of different reaction conditions for H,O, generation by AI-TCPP photocatalysis; (b)
Effect of water content on H,O, generation by Al-TCPP in the two-phase system Reaction conditions: 15
mg catalyst was dispersed in 24 ml benzyl alcohol, visible light irradiation for 3 hours. (c) Effect of catalyst
dose on H,0O, generation by AI-TCPP in the two-phase system Reaction conditions: 12 ml water, 24 ml
benzyl alcohol, visible light irradiation for 1our; (d) Effect of the pH of water on H,O, generation by Al-
TCPP in the two-phase system Reaction conditions: 12 ml water, 24 ml benzyl alcohol, 15 mg catalyst,
visible light irradiation for 1 hour.
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Figure S14 Concentration change of H,O, aqueous solution with Al-TCPP under simulated solar
light for 8 hours. Note: the volume of the water phase decreased from 12 ml to ~7.75 ml due to
the evaporation in an open reaction system in 8 hours;
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Figure S15. (a) 'H NMR spectra of benzyl alcohol, benzaldehyde, and benzoic acid standards. (b) 'H

NMR spectra (12-8 ppm chemical shift range) of benzyl alcohol phase after treatment by Al-TCPP
photocatalysis for 1h, 2h, and 3h under visible light.
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Figure S16 H,0, and benzaldehyde generation by Al-TCPP simulated AM1.5 solar light irradiation (100
mW/cm?); Reaction conditions: 12 ml water (pH 4.0), 24 ml benzyl alcohol, 15mg catalyst. After reaction
for 3h, the mole ratio of H,0, (287.06+2.63 umol) to benzaldehyde (300.7+14.38) is close to 1:1.
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Figure S17. Benzaldehyde (a) and H,O, (b) generation by Al-TCPP in benzyl alcohol/water two-phase
system and benzyl alcohol system. Two-phase system: 12 ml water and 24ml benzyl alcohol; benzyl alcohol
system: 24ml benzyl alcohol; 15 mg catalyst; visible light irradiation.
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Figure S18 H,0, decomposition by Al-TCPP suspension. Condition: 100 pmol H,0, 15 mg Al-TCPP, 30

ml water, dark.
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Figure S20 Synchrotron X-ray powder XRD patterns of pristine AI-TCPP and used Al-TCPP photocatalyst
after the 3-cycle reaction. Wavelength A=0.5903 A
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Figure S21. FTIR spectra of pristine and used Al-TCPP
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Figure S22. Cls (a), N1s (b), Al2p (c) and Ols (d) XPS spectra of pristine and used Al-TCPP

after photocatalysis.
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Figure S23 EPR spectra of TEMPO-'0, by AI-TCPP benzyl alcohol-water photocatalysis system with 100
umol carotene and without any scavenger. With carotene in the system, the signal of 'O, is almost decimated,
indicating the scavenger role of carotene to 'O,
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Figure S24 Scheme of singlet oxygen react with 1,3-diphenylisobenzofuran (a); The adsorption spectra of
1,3-diphenylisobenzofuran with AI-TCPP for different time (b); The change of adsorption at 419 nm of 1,3-
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Figure S25 EPR spectra of DMPO-0, by Al-TCPP benzyl alcohol-water photocatalysis system with
different irradiation time.
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Figure S35 Optimized models for the adsorption of O, to AI-TCPP at different sites: (a) above the middle
of porphyrin ring; (b) off centre above of porphyrin ring; (c) f-C of porphyrin channel; (d) surround the Al
node.
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Table S1. Crystal parameters of pristine and used Al-TCPP catalysts through structure refinement.

 TALTCPP [Used ALTCPP |
Spacegroup Cmmm Cmmm
Cell Volume (A"3) 3559.79 3556.75 (12)

2)

Rwp % - Rietveld 3.41% 3.65%
Crystallite size LVol-IB (nm) 166.3(2) 206.4(2)
Lattice parameters
a(A) 31.8753(6) 31.8539(7)
b (A) 6.61289(7) 6.60395(9)
c(A) 16.8880(4) 16.9081(4)




Table S2. Surface area analysis of AI-TCPP and TCPP by N, adsorption at 77K and CO, adsorption at
273K

N, CO,
Kinetic diameter of gas molecule 3.46 A 330 A
Surface area- AI-TCPP 1447 m%/g 1287.75 m? g*!

Surface area-TCPP 1.4045 m%/g 165.38 m? g'!




Table S3. Comparison of photocatalytic H,O, production by reported catalysts

Catalyst Dose Reaction Sacrificial Light H,O0, AQY Ref.
(mg) | system * reagent yield rate
(umol h!
g ! catalyst)
TiO, 50 BA: 350 mM benzyl Vis. 35.8 N/A 7
H,0: 5 mL alcohol (A>420 nm)
MIL-125-R7 5 BA:5mL benzyl Vis. 1600 N/A 8
H,0 2 mL alcohol (A>420 nm)
OPA-Zrq; 5 5 BA: 5 mL H,O benzyl Vis. 3660 N/A 9
Ti; 5-MOF 2 mL alcohol (A>420 nm)
OPA-Fe-Zr- 5 BA: 5 mL H,0O benzyl Vis. 5320 N/A 10
MOF 2 mL alcohol (A>420 nm)
TAPD-(Me),- | 20 BA:4.5mL benzyl Vis. 167.5 N/A 1
COF H,0:0.5 mL alcohol (2>420 nm)
ZrS; nanobelt | 50 BA: 1 mmol benzyl Solar 1792 11.4% at 400nm 12
H,0: 30 mL alcohol (AM 1.5G) 10.8% at 500nm
Amphiphilic 10 BA: 5 mL H,O: benzyl Vis. 2880 _ 13
g-C3Ny 25 mL alcohol (A>420 nm)
sonoCOF-F2 50 BA: 27 mL benzyl Vis. 414.6 B 14
H,0: 3 mL alcohol (A>420 nm)
PMCR-1 20 BA: 2 mL H,0O: benzyl 400-700 nm 5500 14% at 420 nm 15
20 mL alcohol
EBA-COF 20 BA: 2 mL H,O: benzyl 420nm LED 2550 4.4% at 420 nm 16
20 mL alcohol
P-TAME 20 phenylcarbinol: | phenylcar | A =420 nm 9500 N/A 17
2 mL H,O: binol
18ml
COFs@Pd 10 Ethanol: 2 ml Ethanol Solar 2143 6.5% (420nm) 18
H,0: 18ml (AM 1.5G)
TTH-CTP 10 BA: 2 mL H,O: benzyl Xe lamp 23700 11.3% (450 nm) 19
18ml alcohol 0% at 600 nm
0% at 700 nm
TaptBtt 15 H,O 10 mL H,O 300 W Xe 1407 4.6 % at 450 nm 20
lamp
A>420 nm
Al-TCPP 15 BA: 24 mL H,O benzyl Vis. 3391.3 12.11% at 420 nm, This
12 mL alcohol (A>400 nm) 7.49% at 500 nm, work
5.33% at 600 nm,
3.48% at 700 nm
AI-TCPP 15 BA: 24 mL benzyl Solar 6378 This
H,0: 12 mL alcohol (AM 1.5G) work




Table S4. The adsorption energy of O, to the sites of AI-TCPP

Adsorption site Model Triplet Adsorption Singlet Adsorption
Energy (eV) Energy (eV)

Above middle of porphyrin ring Figure S29a 0.03 -0.55

Off Centre above of porphyrin ring | Figure S29b 0.06 -0.48

B-C of porphyrin ring Figure S29c -0.085 -0.79

Surrounding the Al node Figure S29d 0.076 -0.42
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