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1. Experimental Section 

1.1 Preparation of P-PMPDI supramolecular 

 
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. [1, 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 ℃ for 20 

minutes in a three-necked flask. Next 25 mL of 2M HCl and 25mL ethanol were 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.  

 Preparation of supramolecular P-PMPDI.  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 ℃ overnight for further application. 

 

1.2 Preparation of P-CMPDI supramolecular 

 The synthesis of the N, N′-bis(carboxylmethyl)-3,4,9,10-perylenediimide (CMPDI) 

refers to previous work. [3, 4] First, 392 mg (1.0 mM) 3,4,9,10-Perylenetetracarboxylic 
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dianhydride, 675 mg (9.0 mM) Glycine and 7.4 g imidazole were heated under the 

protection of argon at 110 ℃ for 4h in a three-necked flask. Next 100 mL of 2M HCl 

and 33 mL ethanol were added into the reaction mixture all at once. Solid precipitates 

would appear immediately and keep these suspensions stirring overnight, and then 

dark red solids were collected by centrifugation from above resulting mixture.  

 Preparation of supramolecular P-CMPDI. Above crude product (CMPDI) 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, and finally 

collecting the dark red solid by centrifugation to separate it from the acidic solution. 

The collected solid was dried in oven at 50 ℃ overnight for further application. 

 

1.3 Pt loaded  

Calculated amount of H2PtCl6 was added into the 50 mg supramolecular 

photocatalyst dispersed in 50 mL aqueous solution, and then irradiated by a 300 W Xe-

lamp (CEL-HXF300F3, Beijing ceaulight, China) for 5 hours. 
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2. Testing Section 

2.1 Instruments  

A Brücker AM 400 spectrometer was employed to obtain 1H NMR spectra with 

TMS as the internal standard. The crystal structure of the prepared photocatalysts 

were characterized by using a powder X-ray diffraction (XRD) system 

(D/max2550VB/PC, Cu Kα radiation).  DRS UV–vis absorption spectra were recorded 

at room temperature on a Varian Cary 500 spectrophotometer. The FTIR spectra were 

recorded on NICOLET 380 spectrometer using a standard KBr pellet technique in the 

frequency range of 4000–400 cm-1. The morphology of the photocatalysts was 

characterized with a scanning electron microscope (SEM, FE-SEM, GeminiSEM 500). 

TEM and HRTEM images were taken on a transmission electron microscope (TEM, JEM-

2100). AFM images were taken on an atomic force microscope (AFM, Veeco/DI). 

Raman spectra were measured on the microscopic confocal Raman spectrometer 

(invia reflex) with an excitation of 514 nm laser light. The Photoluminescence (PL) 

spectrums were obtained on a Hitachi F-4500 fluorescence spectrophotometer at 

room temperature with an excitation wavelength of 550 nm.  

 

2.2 Photoelectrochemical Measurement 

Cyclic voltammetry (CV) curves were measured by a CHI650E electrochemical 

workstation in a normal three-electrode cell which using glassy carbon as the working 

electrode, Pt wire as counter electrode and Ag/AgCl electrode as the reference 

electrode. The experiments were carried out in THF solutions with 0.1 M tetra-n-

butylammonium hexafluorophosphate (TBAPF6) as the supporting electrolyte at a scan 

rate of 0.2 V s-1. The ferrocenium/ferrocene (Fc/Fc+) redox couple was used as an 

external potential reference. The transient photocurrent responses (I–t) and 

electrochemical impedance spectra (EIS) of composite photocatalyst samples were 

investigated on a CHI650E electrochemical workstation with a three-electrode (Pt wire, 

Pt plate, and Ag/AgCl as working, counter, and reference electrode, respectively) 

system. An aqueous solution of 0.1 M tetra-n-butylammonium hexafluorophosphate 
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(TBAPF6) was used as the supporting electrolyte and a 300 W Xe-lamp served as the 

light source. The films electrodes were prepared as follows: 

 25 mg of the as-synthesized photocatalysts (P-PMPDI and P-CMPDI) was 

separately ground with 10 µL of a Nafon (5%) aqueous solution and 50 µL of ethanol 

to make slurry. The slurry was then coated onto ITO glass electrodes with an active 

area of 0.25 cm2, and these electrolytes were dried at 120 °C for 1 h to evaporate the 

solvent in muffle furnace. The photocurrent intensity of as-prepared electrodes was 

measured at 0.3 V versus Ag/AgCl with the light on and off. EIS was determined over 

the frequency range of 102–106 Hz with an ac amplitude of 10 mV at the open circuit 

voltage under room-light illumination. 

 

2.3 Photocatalytic Experiments 

The photocatalytic H2 generation experiments were conducted in a glass gas-

closed-circulation system (CEL-SPH2N) under irradiation with a 300 W xenon lamp 

(CEL-HXF 300). Normally, 50 mg photocatalyst was dispersed in 50 mL (containing 5 

mg ascorbic acid  (AA)) aqueous. Then sealed with rubber diaphragm air. Before light 

irradiation, the dissolved air must be thoroughly removed by vacuum pump. And then 

the aqueous suspension was irradiated from the top using a 300 W xenon lamp jointing 

a cutoff filter to obtain visible-light irradiation (400 nm < λ< 780 nm). The reaction 

mixture was kept under constant stirring using a magnetic stirring bar during 

irradiation and the amount of H2 gas was detected with the gas phase were 

determined by an online gas chromatograph (GC 2060, TCD detector, and Ar carrier). 

In addition, a 300 W xenon lamp with monochromatic light (λ = 380, 420, 500, 550, 

630, 700 nm) and 10% dimmer was used as the light source to perform the 

experiments related to apparent quantum yield.  

 

 

 

 

file:///C:/Application/Dict/7.5.2.0/resultui/dict/
file:///C:/Application/Dict/7.5.2.0/resultui/dict/
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3. Atomic force micrograph (AFM) of supramolecular 

 

 
Fig S1. Atomic force micrograph (AFM) of PMPDI, P-PMPDI and P-CMPDI. 
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4. Proton NMR image of P-PMPDI 

 

Fig. S2 Proton NMR image of P-PMPDI (D2O, wet 1D NaOD solvent suppression) 

 

5. Fourier transform infrared spectra of supramolecular 

 

Fig. S3 Fourier transform infrared (FT-IR) spectra of P-PMPDI and PMPDI 
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Fig. S4 Fourier transform infrared (FT-IR) spectrum of P-CMPDI and CMPDI 

 

Table. S1 IR peaks in the PMPDI, P-PMPDI, CMPDI and P-CMPDI 

 C=C stretch C-N stretch C=O 

PMPDI 1650, 1590 cm-1 1336 cm-1 1691 cm-1  

P-PMPDI 

CMPDI 

P-CMPDI 

1661, 1591 cm-1 

1656, 1590 cm-1 

1660, 1590 cm-1 

1353 cm-1 

1362 cm-1 

1366 cm-1 

1699 cm-1 

1693 cm-1 

1697 cm-1 
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6. XRD patterns of P-CMPDI 

 

Fig.S5 XRD patterns of P-CMPDI 

 

7. Cyclic voltammograms curves of supramolecular and 

ferrocene/ferrocenium (Fc/Fc+) redox couple 

 

Fig. S6 Cyclic voltammograms curves of P-PMPDI and P-CMPDI 
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Fig. S7 Cyclic voltammograms curves of ferrocene/ferrocenium (Fc/Fc+) redox couple. 

 

 The energy levels of the highest occupied molecular orbital (HOMO) of the 

self-assembled supramolecular were determined by oxidative half cyclic 

voltammetry in THF (Fig.S6). Ferrocene/ferrocenium (Fc/Fc+) was used as an 

internal reference and 0.1 M tetra-n-butylammonium hexafluorophosphate 

(TBAPF6) as supporting electrolyte (Fig.S7). The HOMO levels of P-PMPDI and P-

CMPDI were located at 1.28 and 0.89 V vs NHE, respectively, upon the basis of 

the following relationship2 

−𝐸𝑉 𝑣𝑠.𝑣𝑎𝑐𝑢𝑢𝑚 = 𝐸𝑜𝑛𝑠𝑒𝑡 − 𝐸𝑉 𝑣𝑠.𝐹𝑐/𝐹𝑐+ + 4.8 𝑒𝑉  

         𝐸𝑉 𝑣𝑠.𝑁𝐻𝐸 = −(𝐸𝑉 𝑣𝑠.𝑣𝑎𝑐𝑢𝑢𝑚 + 4.5 𝑒𝑉)  

 The LUMO levels were calculated from the equation of ELUMO = EHOMO + Eg and 

the associated data were -0.37 V and -0.91 V, respectively, which are higher 

than the redox potentials of hydrogen evolution, guaranteeing sufficient driving 

force for water reduction. 
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8. Molecular orbital distributions in vacuum 

Table S2. Molecular orbital distributions and energy optimized in vacuum (isodensity=0.020 a.u.).  

 

 
6-31G(d,p) 

CMPDI PMPDI 

LUMO+1 

-2.06 eV 

 

-2.35 eV 

LUMO 

-3.65 eV 

 

-3.92 eV 

HOMO 

-6.18 eV -6.41 eV 

HOMO-1 

-7.38 eV 
 

-7.59 eV 

 

Geometry optimizations were carried out on the molecules CMPDI and PMPDI in 

the gas phase, using the software Avogadro5 to enter the starting geometry. The 

molecules were distorted to form a variety of conformers which were then allowed to 

optimize, in order to find the global minimum on the potential energy surface. 

Frequency calculations were performed on all the optimized geometries to distinguish 

whether they were minima or transition states on the potential energy surfaces. 

Where transition state geometries were found, the bond lengths and angles were 

distorted in the direction of the vibration and the structure was re-optimized until only 

positive frequencies were obtained. All calculations were carried out using the 

Gaussian 09 program6 with the hybrid B3LYP functional7 and the standard 6-311G basis 

set.   
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9. Calculated apparent quantum yield (AQY) at different wavelengths 

AQY (%) =
2 × Number of evolved 𝐻2 molecules

Number of indicent photons
× 100% 

=
2 × 𝐶 × 𝑁𝐴

𝑆 × 𝑃 × 𝑡 ×
𝜆

ℎ × 𝑐

× 100% 

Where, C is the H2 production amount (μmol) per hour; NA is the Avogadro constant 

(6.02 × 1023 mol-1); S is the irradiation area (12.56 cm2); P is the monochromatic 

light intensity (W cm-2) (P is detected by optical power meter); t is the light 

irradiation time (1h); λ is the wavelength of the monochromatic light (nm); h is the 

Plank constant ( 6.626 × 10-34 J s); c is the speed of light (3 × 108 m s-1). 

 

Table S3. Calculated AQY at different wavelengths 

Wavelength  

(nm) 

Light intensity 

(10-3 W cm-2) 

a Amount of H2 

(μmolh-1) 

AQY 

(%) 

380 1.85 1.85 1.40 

420 1.96 3.18 2.06 

500 2.46 3.92 1.67 

550 2.41 7.42 2.96 

630 2.12 4.80 1.90 

700 2.61 0.97 0.26 

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

λ = 380 nm 

AQY (%) =
2 × 1.85 × 10−6 × 6.02 × 1023

12.56 × 1.85 × 10−3 × 3600 ×
380 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 1.40% 

λ = 420 nm 

AQY (%) =
2 × 3.18 × 10−6 × 6.02 × 1023

12.56 × 1.96 × 10−3 × 3600 ×
420 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 2.06% 
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λ = 500 nm 

AQY (%) =
2 × 3.92 × 10−6 × 6.02 × 1023

12.56 × 2.46 × 10−3 × 3600 ×
500 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 1.67% 

λ = 550 nm 

AQY (%) =
2 × 7.42 × 10−6 × 6.02 × 1023

12.56 × 2.41 × 10−3 × 3600 ×
550 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 2.96% 

λ = 630 nm 

AQY (%) =
2 × 4.80 × 10−6 × 6.02 × 1023

12.56 × 2.12 × 10−3 × 3600 ×
630 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 1.90% 

λ = 700 nm 

AQY (%) =
2 × 0.97 × 10−6 × 6.02 × 1023

12.56 × 2.61 × 10−3 × 3600 ×
700 × 10−9

6.626 × 10−34 × 3 × 108

× 100% = 0.26% 

 

 

10. Characterization of The recycled catalyst 

 

Fig. S8 XRD patterns of R-P-PMPDI and P-PMPDI 



S13 
 

 

Fig. S9 Fourier transform infrared (FT-IR) spectra of R-P-PMPDI and P-PMPDI 

 

 
Fig. S10 Raman spectra of R-P-PMPDI and P-PMPDI powder 
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11. Photoluminescence spectra of supramolecular 

 

 

Fig. S11 Photoluminescence (PL) spectra of the P-PMPDI and P-CMPDI. 

 

12. Photocurrent-time curves on supramolecular membrane electodes 

 

Fig. S12 Photocurrent–time (I–t) curves on P-PMPDI and P-CMPDI membrane electrodes (0.3 bias). 
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13. EIS Nyquist plots of supramolecular 

 

Fig. S13 EIS Nyquist plots of P-PMPDI and P-CMPDI at open circuit voltage. 

 

 

14. The reported work previously 

Table S4. Comparison of the photocatalytic activity among supramolecular systems.  

 

Photocatalyst Light 

Iradiation  

Hydrogen Evolution 

Reaction (HER) 

Apparent quantum 

yield (AQY) 

Ref. 

PTCDI/Pt/TiO2 λ ≥ 420 nm 0.075 μmol g-1 h-1 0.047% at 550 nm 8 

PTCDI-1/Pt/g-

C3N4 

λ ≥ 420 nm 0.375 μmol g-1 h-1 0.31% at 420 nm 9 

PBI-F/PVP-Pt λ ≥ 300 nm 0.815 μmol g-1 h-1 Not mentioned 10 

SA-TCPP-Pt λ ≥ 420 nm 70 μmol g-1 h-1 Not mentioned 11 

PorFN-Pt   λ ≥ 420 nm 0.2 mmol g-1 h-1 Not mentioned 9 

P-PMPDI λ ≥ 400 nm 11.7 mmol g-1 h-1 2.06% at 420 nm 

2.96% at 550 nm 

This work 
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