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Fig. S1 (a) The connection of h-BN/TpPa-1-COF to Labsolar-6A automatic real-time 

trace gas analysis system of the main instrument before reaction. (b) The main devices 

required for the photocatalytic hydrogen production reaction of h-BN/TpPa-1-COF. (c) 

Reactor for photocatalytic reaction of h-BN/TpPa-1-COF 
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Fig. S2 Powder X-ray diffraction patterns of simulated TpPa-1-COF, TpPa-1-COF and 

a range of porous h-BN/TpPa-1-COF in different proportions. The diffraction peaks 

occurring at 4.6° and 26° for the simulated TpPa-1-COF, also seen in TpPa-1-COF and 

porous h-BN/TpPa-1-COF, indicated that the successful synthesis of porous h-

BN/TpPa-1-COF and the integration with porous h-BN did not affect the structure of 

TpPa-1-COF. 

 

Fig. S3 Powder X-ray diffraction patterns of commercial h-BN, commercial h-BN has 

a distinct diffraction peak at 26°, corresponding to the (002) crystal plane. According 

to the comparison of PXRD results, porous h-BN and commercial h-BN have the same 

peak position, but porous h-BN is significantly less crystalline than commercial h-BN 

due to the presence of defects. 

https://springer.com/journal/40820


Nano-Micro Letters 

S3/S27 

 

Fig. S4 FT-IR spectra of porous h-BN and commercial h-BN. Porous h-BN displays a 

relative broader peak around 1400 cm-1 than commercial h-BN, assigned to the 

stretching vibration of in-plane B-N bond, and the broadened peaks can be attributed to 

the enhanced B-N vibration spread. The out-of-plan B-N-B bond of porous h-BN 

displays a red shift at approximate 780 cm-1, which is caused by the dislocation and 

disruption of the h-BN lattice. Moreover, the presence of hydroxyl and imine groups on 

the surface of porous h-BN can also be demonstrated by the characteristic peaks at 

about 3200 and 1600 cm-1, respectively 

 

Fig. S5 FT-IR spectra of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-

COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 
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Fig. S6 Raman spectrum of porous h-BN and commercial h-BN, the high-frequency 

E2g mode value of commercial h-BN is 1367 cm-1and there is an upshift about 10 cm-1 

for porous h-BN compared to the commercial h-BN. In addition, the full width at half 

maximum (FWHM) of porous h-BN is larger than commercial h-BN [S12-S15]. 

Combined with the previously reported literature [S16], we can know that the obtained 

microcrystalline size of porous h-BN is small with poor crystalline because of the 

introduced defects in h-BN 

 

Fig. S7 (a-d) The pore size distribution plots of TpPa-1-COF, porous h-BN, 10% porous 

h-BN/TpPa-1-COF and 10% commercial h-BN/TpPa-1-COF. The pore size of TpPa-1-

COF is approximate 1.2 nm, which is in accordance with their crystal structure. And 
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porous h-BN has mesoporous pores, in which the pore size is estimated to be around 

30 nm. Moreover, the pore size distribution of porous h-BN/TpPa-1-COF illustrates 

that it has abundant microporous channels at about 0.1 nm. The larger specific surface 

area of porous h-BN/TpPa-1-COF makes the enrichment of active sites more favorable. 

 

Fig. S8 N2 adsorption-desorption isotherms of 5% porous h-BN/TpPa-1-COF, 7.5% 

porous h-BN/TpPa-1-COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-

BN/TpPa-1-COF 

 

Fig. S9 (a-d) The linear fitting curve for calculating BET surface areas of TpPa-1-COF, 

porous h-BN, 10% porous h-BN/TpPa-1-COF and 10% commercial h-BN/TpPa-1-

COF 
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Fig. S10 Thermogravimetric curves of porous h-BN, commercial h-BN, 10% porous h-

BN/TpPa-1-COF and 10% commercial h-BN/TpPa-1-COF. The decomposition 

temperature of TpPa-1-COF is about 425 oC, reveals a relative high thermal stability. 

After combining two materials, the decomposition temperature of composite is 

basically consistent with the pristine TpPa-1-COF, which prove that the addition of 

porous h-BN will not break the framework of TpPa-1-COF. Moreover, based on the 

weight loss, the proportion of two materials is able to be ascertained. 

 

Fig. S11 Thermogravimetric analysis (TGA) curves of 5% porous h-BN/TpPa-1-COF, 

7.5% porous h-BN/TpPa-1-COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-

BN/TpPa-1-COF 
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Fig. S12 (a-d) SEM of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-COF, 

15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 

 

Fig. S13 SEM images of commercial h-BN 

 

Fig. S14 SEM images of 10% commercial h-BN/TpPa-1-COF 
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Fig. S15 (a-d) TEM of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-COF, 

15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 

 

Fig. S16 TEM images of porous h-BN 
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Fig. S17 (a, c) TEM images for TpPa-1-COF and 10% porous h-BN/TpPa-1-COF and 

the insert images of (b, d) show the HRTEM of 10% TpPa-1-COF and porous h-

BN/TpPa-1-COF 

 

Fig. S18 XPS survey spectra for 10% porous h-BN/TpPa-1-COF, TpPa-1-COF and 

porous h-BN. It can be observed that 10% porous h-BN/TpPa-1-COF contains C, N, B 

and O elements without extra elements, which is consistent with EDS mapping results 
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Fig. S19 High-resolution B 1s XPS spectra for commercial h-BN and porous h-BN 

 

Fig. S20 High-resolution N 1s XPS spectra for commercial h-BN and porous h-BN 
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Fig. S21 The full spectrum for 10% commercial h-BN/TpPa-1-COF and commercial h-

BN 

 

Fig. S22 (a) The XPS survey spectra and (b-d) High-resolution spectra of 5% porous 

h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-COF, 15% porous h-BN/TpPa-1-COF 

and 20% porous h-BN/TpPa-1-COF 
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Fig. S23 Tauc plot of TpPa-1-COF. Based on the Tauc diagram of Kubelka-Munk 

equation (αhν = A(hν-Eg)2), the band gap of TpPa-1-COF was calculated to be 2.12 eV 

 

Fig. S24 UV–vis diffuse reflectance spectrum and Tauc plot of porous h-BN 
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Fig. S25 UV–vis diffuse reflectance spectrum and Tauc plot of commercial h-BN 

 

Fig. S26 UV–vis diffuse reflectance spectrum and Tauc plot of 10% porous h-

BN/TpPa-1-COF 
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Fig. S27 UV-vis diffuse reflectance spectra of TpPa-1-COF and various ratios of porous 

h-BN/TpPa-1-COF 

 

Fig. S28 Mott–Schottky plots for TpPa-1-COF. Mott-Schottky tests experimental 

results showed that the Fermi energy level of TpPa-1-COF is -0.59 V vs Ag/AgCl 
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Fig. S29 Mott–Schottky plots for commercial h-BN. Mott-Schottky tests experimental 

results showed that the Fermi energy level of commercial h-BN is -0.36 V vs Ag/AgCl 

 

Fig. S30 Mott–Schottky plots for porous h-BN. Mott-Schottky tests experimental 

results showed that the Fermi energy level of porous h-BN is -0.38 V vs Ag/AgCl 
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Fig. S31 Mott–Schottky plots for 10% porous h-BN/TpPa-1-COF 

 

Fig. S32 Comparison of the photocatalytic capacity for 10% porous h-BN/TpPa-1-COF 

with different mass of added amount 
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Fig. S33 Comparison of the photocatalytic capacity for 10% porous h-BN/TpPa-1-COF, 

physically mixed (10%) hybrid, TpPa-1-COF 

 

Fig. S34 Wavelength-dependent apparent quantum efficiency (AQE) of 10% porous 

h-BN/TpPa-1-COF in 5 mg 

 

Fig. S35 Wavelength-dependent apparent quantum efficiency (AQE) of 10% porous h-

BN/TpPa-1-COF in 10 mg 
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Fig. S36 Transient photocurrent response 5% porous h-BN/TpPa-1-COF, 7.5% porous 

h-BN/TpPa-1-COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-

COF 

 

Fig. S37 EIS Nyquist plots of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-

1-COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 
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Fig. S38 LSV curves of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-

COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 
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Fig. S39 (a-d) The photocurrent response of without and with adding H2O2 into 

electrolyte of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-COF, 15% 

porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF 

 

Fig. S40 OCVD curves of 5% porous h-BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-

COF, 15% porous h-BN/TpPa-1-COF and 20% porous h-BN/TpPa-1-COF  

 

Fig. S41 The average lifetime of the photogenerated carriers (τn) for 5% porous h-

BN/TpPa-1-COF, 7.5% porous h-BN/TpPa-1-COF, 15% porous h-BN/TpPa-1-COF 

and 20% porous h-BN/TpPa-1-COF
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Fig. S42 XRD patterns of 10% porous h-BN/TpPa-1-COF before and after 

photocatalytic reaction. After the photocatalytic hydrogen production reaction, the 

diffraction peaks of 10% porous h-BN/TpPa-1-COF at 4.6° and 26° are still present, 

indicating that the structure is well maintained 

 

 

Fig. S43 SEM image of 10% porous h-BN/TpPa-1-COF after photocatalytic reaction. 

The SEM image of 10% porous h-BN/TpPa-1-COF in the recycling hydrogen 

production experiment still clearly shown the nano-flower-like structure of TpPa-1-

COF and the layered porous h-BN bound to TpPa-1-COF 
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Fig. S44 (a) The XPS survey spectra and High-resolution spectra of (b) C 1s, (c) N 1s, 

(d) O 1s for 10% porous h-BN/TpPa-1-COF after photocatalytic reaction. The 10% 

porous h-BN/TpPa-1-COF elements stay the same after the photocatalytic reaction, and 

the bonding in the complex remains essentially unchanged 

 

Fig. S45 TPV spectra of 10% commercial h-BN/TpPa-1-COF and 10% porous h-

BN/TpPa-1-COF 
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Table S1 Summary of H2 evolution activity of metal-free photocatalyts 

Catalyst Cocatalyst Illumination Activity, 

µmol·g-1·h-1 

AQE Refs. 

10% porous h-

BN/TpPa-1-COF 
- λ>420nm 3150 

 
This work 

10% commercial h-

BN/TpPa-1-COF 
- λ>420nm 1820 

 
This work 

BP/g-C3N4 - λ>420nm 384.17 - S17 

BP-BM - λ>420nm 512 
0.47% 

λ=420±5 nm 
S18 

bulk BP - λ>420nm 28 
0.0008% 

λ=420±5 nm 
S18 

BP/CN - λ>420nm 786 - S19 

3D N-doped - λ>420nm 480 
27.8% 

λ=420±15nm 
S20 

C-I codoped - λ>420nm 168 - S21 

CCN-50 Pt λ>420nm 746.95 - S22 

g-C3N4-1 Pt λ>420nm 258.5 - S23 

CTF-1/rGO-2 Pt λ>420nm 894 
6.4% 

λ=420nm 
S24 

C0.24/CTF-1 Pt λ>420nm 2240 
0.73% 

λ=400nm 
S25 

NP-CN24 Pt λ>420nm 851.9 - S26 

CTFCl Pt λ>420nm 1400 
10.31% 

λ=420nm 
S27 

CTFBr Pt λ>420nm 1315 - S27 

CTFF Pt λ>420nm 787.5 - S27 

15N-CNU Pt λ>420nm 2180 - S28 

TFPT-COF Pt λ>420nm 1970 
2.2% 

λ=400±20nm 
S29 

PMDA-COF Pt λ>420nm 435.6 - S30 

TP-BDDA COF Pt λ>395nm 324 - S31 

PyG-Im-COF Pt λ>420nm 1866 
0.39% 

λ=420nm 
S32 

PyG-COF Pt λ>420nm 654 - S32 

TAB-TFP-COF Pt λ>420nm 1140 
0.69% 

λ=420nm 
S33 
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