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1. Preparation of P-PMPDI supramolecule
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Scheme.S1 Schematic illustration of synthesis of PDI molecule

The synthesis of the N, N’'-bis(phosphonomethyl)-3,4,9,10-perylenediimide
(PMPDI) has been carried out by following previous work.' 2 Firstly, 790 mg (2.01 mM)
3,4,9,10-Perylenetetracarboxylic dianhydride, 470 mg (2.01 mM)
(Aminomethyl)phosphonic acid and 15 g imidazole were heated at 130 °C for 40
minutes in a three-necked flask. Next 25 mL of 2M HCl and 25mL ethanol were mixed
with ultrasound and added into the reaction mixture all at once. Solid precipitates
would appear immediately and keep these suspensions stirring for another 30 minutes,
and then dark solids were collected by centrifugation from above resulting mixture.
Repeated deionized water washing and vacuum drying at 50 °C to obtain pure PMPDI.
'H NMR (400 MHz, disodium salt, Deuterium Oxide) & (ppm): 8.44 — 7.70 (broad, 8H),
441 — 4.10 (broad, 4H) (peak broadening was observed as a result of dye
aggregation).3

Preparation of supramolecular P-PMPDI. First, above crude product (PMPDI) was
dispersed in 300 mL deionized water, and it would dissolve in water by dropping 1M
NaOH solution into mixture, and then filtrate was collected by centrifugation. After
that precipitating the filtrate by adding 2M HCl solution until pH=1 thus
supramolecular P-PMPDI formed, and finally collecting the dark solid by centrifugation
to separate it from imidazole dissolved in the acidic solution. The collected solid was

dried in oven at 50 °C overnight for further application.
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2. Atomic force micrograph (AFM) of supramolecular
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Fig S1. Atomic force micrograph (AFM) of P-PMPDI-Zr (1:0.25) and P-PMPDI.

3. Stability of supramolecular catalyst
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Fig. S2 (a) UV-vis DRS, (b)FT-IR and (c) XRD of P-PMPDI-Zr (1:0.25) and recovered catalyst P-PMPDI-
Zr (R)
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4. DRS and UPS spectroscopy of supramolecular P-PMPDI-Zr
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Fig. S3 UV-vis diffuse reflectance spectra of P-PMPDI-Zr (1:0.15), P-PMPDI-Zr (1:0. 5) and P-
PMPDI-Zr (1:1). Inset: the corresponding colors and the Tauc plots
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Fig. S4 (a) Ultraviolet photoelectron spectroscopy of (a) P-PMPDI-Zr (1:0.15), (b) P-PMPDI-Zr (1:0.
5) and (c) P-PMPDI-Zr (1:1). Inset: linear fitting in the Fermi level region. (d) Band diagram for P-
PMPDI-Zr (1:0.15), P-PMPDI-Zr (1:0. 5) and P-PMPDI-Zr (1:1).
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5. Light-harvesting ability and crystallinity of P-PMPDI-M
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Fig. S5 (a) UV—vis DRS, (b) XRD of the P-PMPDI, P-PMPDI-Co, P-PMPDI-Ni, P-PMPDI-Cu and P-
PMPDI-Zr. The molar radio of P-PMPDI to M ions was 1:0.25.

6. Fourier transform infrared spectra of supramolecular
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Fig. S6 Fourier transform infrared (FT-IR) spectra of P-PMPDI-Zr, P-PMPDI-Co, P-PMPDI-Ni, P-
PMPDI-Cu and P-PMPDI
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7. Density functional theory (DFT) calculations
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Fig. S7 Molecular model and the most stable molecular configuration of the P-PMPDI (a), P-PMPDI-
Co (b), P-PMPDI-Ni (c), P-PMPDI-Cu (d), P-PMPDI-Z" (¢) and P-PMPDI-Zr™ (£).
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Fig. S8 DFT calculation of HER pathways. The most favorable HER intermediate of the P-PMPDI (a),
P-PMPDI-Co (b), P-PMPDI-Ni (c), P-PMPDI-Cu (d) and P-PMPDI-Zr"(e).
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8. Calculated apparent quantum yield (AQY) at different wavelengths

AQY (%) = 2 X Number of evolved H, molecules X 100%
Q o Number of indicent photons 0

2% C %N,y
= X 100%

Sxthxm

Where, C is the Hz production amount (umol) per hour; Na is the Avogadro constant

(6.02 x 10?3 mol?); S is the irradiation area (12.56 cm?); P is the monochromatic light
intensity (W cm?) (P is detected by optical power meter); t is the light irradiation time
(1 h); A is the wavelength of the monochromatic light (nm); h is the Plank constant
(6.626 x 1034 J s); cis the speed of light (3 x 108 m s?).

Table S1. Calculated AQY at different wavelengths

Wavelength Light intensity a Amount of H; AQY
(nm) (103 Wcem?3) (umolh?) (%)
420 1.96 11.01 7.07
475 2.08 18.70 10.02
500 2.46 27.04 11.64
550 241 27.64 11.04
630 2.12 29.61 11.70
700 2.61 4.26 1.23

a. Reaction conditions: 50 mL water, 5 g AA, 50 mg photocatalyst.

A=420 nm
AQY (%) 2x11.01 x 1076 x 6.02 x 1023 < 100% = 7,079
h) = 0o=/. 0
420 x 109
-3
12.56 X 1.96 X 1073 X 3600 X o=~ "33~ =~ 703
A=475 nm
2%x18.70 x 107° x 6.02 x 1023
AQY (%) = 175 X100 X 100% = 10.02%
-3
12.56 X 2.08 X 1073 X 3600 X o= o"57— =~ 03
A=500 nm
2Xx27.04% 1076 x 6.02 x 1023
AQY (%) = x 100% = 11.64%

500 x 10~°
6.626 x 10734 x 3 x 108

S6

12.56 X 2.46 X 1073 x 3600 X




A=550 nm

2X27.64%x107° x 6.02 x 10%3

0, = 0fy — 0,
AQr 0 12.56 x 2.41 x 10-3 x 3600 X 550 X 107 100 = 1108
: : 6.626 X 10-3% X 3 X 10°
A=630 nm
AOY (%) — 2% 29.61 % 1076 x 6.02 x 1023 < 100% — 11700
N (0)_1256><212><10‘3><3600x 630 x 107 T
: : 6.626 X 10-3% X 3 X 10°
A=700 nm
2 X 426 X 1076 X 6.02 x 1023
AQY (%) = x 100% = 1.23%

700 x 109

-3
12,56 X 2.61 X 1073 X 3600 X gz5e=70-37 5 35 108

9. The reported work previously

Table S2. Comparison of the photocatalytic activity among supramolecular systems.

Photocatalyst Light Hydrogen Evolution | Apparent quantum Ref.
Iradiation Reaction (HER) yield (AQY)
PTCDI/Pt/TiO> A>420nm 0.075 pmol gt h 0.047% at 550 nm 4
PTCDI-1/Pt/g- A>420nm 0.375 umol g h? 0.31% at 420 nm 5
C3Ng
PBI-F/PVP-Pt A>300 nm 0.815 pmol gt ht Not mentioned 6
SA-TCPP-Pt A>420nm 70 umol gt ht Not mentioned 7
PorFN-Pt A=420 nm 0.2 mmol gt h? Not mentioned 8
P-PMPDI A >400 nm 11.7 mmol gt ht 2.96% at 550 hm 9
P-PMPDI-Zr A >400 nm 50.48 mmol gt h' | 11.70% at 630 nm | This work
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