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1. Supplementary Figures

Fig. S1. SEM images of (a) TpPa-1-COF, (b) 3% Ag/TpPa-1, and (c, d) 5% 

Ag/TpPa-1.
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Fig. S2. The standard curve of H2 production.

We quantify H2 by the "external standard method" with the help of a standard curve. 

The standard curve is the trend line of the peak area with the volume/amount of the 

substance to be measured. After injecting 0.1 ml of high-purity H2 into the photolytic 

water reaction system, the peak area SA1 can be obtained on the gas chromatography, 

and then injecting a known volume of 0.1 mL of high-purity H2 into the photolytic 

water reaction system (cumulative injection), the peak areas SA2, SA3, SA4, and SA5 can 

be obtained respectively. After linear fitting, the standard curve can be obtained. The 

standard calibration curve of H2 detection is shown in Fig. S3. According to the fitted 

standard curve, the relationship between the peak area and the volume of H2 evolved 

can be expressed as Equation S1.

 (S1)𝑦 = 116833𝑥 + 1707

where y is the peak area corresponding to H2 in the chromatography and x is the 

volume of H2 (mL).
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Fig. S3. The chromatogram of H2 evolved over TpPa-1-COF.



S-5

Fig. S4. The chromatogram of H2 evolved over 3% Ag/TpPa-1.

The volume of H2 produced by the photolytic water reaction can be calculated by 

substituting the peak area measured by the photolytic water experiment according to 

the standard curve. An example of the H2 evolved chromatogram is given in Fig. S5, 

which illustrates the process of the peak area over 3% Ag/TpPa-1 photocatalyst under 

visible light irradiation. The amount of H2 evolved was determined at an interval of 1 

h using an online gas chromatograph instrument with a thermal conductivity detector. 

The measured peak area was converted into the H2 evolution rate according to the 

standard curve (Equation S1). 

The number of generated moles (μmol) of H2 generated can be expressed as 

Equation S2.

(S2)
𝑛 =

𝑉
22.4

where n is the number of moles (μmol) of H2 produced, V is the hydrogen volume 

evolved (mL), and 22.4 is the molar volume of the gas (mL μmol−1).

Moreover, the number of moles of hydrogen produced per mass of photocatalyst 
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(μmol g−1) can be expressed as Equation S3:

(S3)
𝐶(H2) =

𝑛
𝑚

where C(H2) is the number of moles of hydrogen produced per mass of 

photocatalyst (μmol g−1) and m is the amount of photocatalyst (g) added in the 

photocatalytic reactor.

Furthermore, the mean value of the amount of H2 produced per unit mass of 

photocatalyst and per unit time (μmol g−1 h−1) can be evaluated according to Equation 

S4−S5.

(S4)
𝑃(H2) =

𝐶(H2)

𝑡

(S5)
𝑃̅(H2)  =   

n = 6

∑
i = 1

Pi(H2)

n
 

where P is the amount of H2 produced per gram of photocatalyst per hour (μmol g−1 

h−1) and  is the mean value of P (μmol g−1 h−1).P̅
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Fig. S5. A comparison of (a) XRD pattern, (b) FTIR spectrum, (c) XPS spectrum, and 

(d) TEM image of 3% Ag/TpPa-1 before and after photocatalysis.
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Fig. S6. The constructed geometry model consisted of one unit cell of the TpPa-1-

COF (001) plane and an Ag13 cluster from (a) side view and (b) top view.

Fig. S7. H2 evolution process over (a) TpPa-1-COF and (b) Ag/TpPa-1.
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Fig. S8 Atomic structures and the corresponding charge densities of these structures 

with one H atom adsorbed on (a) N site in TpPa-1, (b) O site in TpPa-1, (c) O site in 

Ag/TpPa-1, (d) Ag site in Ag/TpPa-1, and (e) N site in Ag/TpPa-1.
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2. Supplementary Tables

Table S1. Structural parameters obtained from the Ag L3-edge EXAFS fitting.

Sample Shell aN bR(Å) cσ2 (Å2) dΔE0 (eV) R, %

Ag foil Ag−Ag 12 2.88±0.01 0.0100 1.97±0.37 0.0074

Ag−O 2 2.36±0.01 0.0020

Ag−O 2 2.86±0.01 0.0017Ag/TpPa-1

Ag−Ag 4 3.25±0.01 0.0088

−8.06±1.52 0.0120

aN: numbers for coordination, bR: bond distance, cσ2: Debye−Waller factors, dΔE0: the 

inner potential correction, R factor (%): degree of the fitting. Based on the 

experimental EXAFS fitting of the reference Ag foil, Ѕ0
2 was determined to be 1.0 by 

fixing N as the known crystallographic value. The estimated error boundaries, or 

accuracy, were N, ±5%, and R, ±1%.

Athena (version 0.9.26) software was used to perform background, pre-edge line, 

and post-edge line calibrations on the collected XAFS data. After that, a Fourier-

transformed fitting was done. For each fitting, the k range of 3−12 Å−1 and the R 

range of 1.4−3.0 Å were used, along with the k3 weighting. Without any fixed, limited, 

or correlated variables, the four parameters (N, R, σ2, and ΔE0) − coordination number, 

bond length, Debye−Waller factor, and E0 shift were fitted.

The χ(k) obtained by Athena was loaded into the Hama Fortran code for Wavelet 

Transform analysis. The following parameters were specified: k range = 0−12 Å−1, k 

weight = 3, R range = 1−4 Å, and a mother Morlet function with κ = 10 and σ = 1.
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Table S2. An overview of the H2 evolution activity in some COFs-based and Ag-

related photocatalytic systems.

Photocatalyst Co-
catalys
t

Sacrificial agent Solvent Illuminati
on

Activity 
(µmol g-

1 h-1)

AQE (%) Ref.

3% Ag/TpPa-1 – Ascorbic acid H2O ≥ 420 nm 801 1.2（450nm
）

This 
work

3% Pt1@TpPa-1-
COF

– Sodium ascorbate PBS ≥ 420 nm 719 0.38 (420 nm) 1

MS-c@TpPa-1 (0.3: 
1)

– Sodium ascorbate PBS ≥420 nm 528 0.54 (420 nm) 2

α-Fe2O3/TpPa-2-
COF (3:7)

– Sodium ascorbate PBS ≥ 420 nm 3770 0.137 (450 
nm)

3

CTF-HUST-2 3 wt% 
Pt

TEOA H2O ≥ 420 nm 2647 – 4

N0-COF Pt TEOA PBS ≥ 420 nm 23 – 5

N1-COF Pt TEOA PBS ≥ 420 nm 90 0.075 (450 
nm)

5

N2-COF Pt TEOA PBS ≥ 420 nm 438 0.18 (450 nm) 5

N3-COF Pt TEOA PBS ≥ 420 nm 1703 0.44 (450 nm) 5

TP-BDDA Pt TEOA H2O ≥ 395 nm 324 1.3 (420 nm) 6

TP-EDDA Pt TEOA H2O ≥ 395 nm 30 – 6

COF-42 Co-1a TEOA ACN/H2

O
AM 1.5 233 – 7

Co1-phosphide/PCN None H2O ≥ 300 nm 410 3.6 (420 nm) 8

ZnPor-DETH-COF 8 wt% 
Pt

TEOA PBS ≥ 400 nm 413 0.063 (450 
nm)

9

g-C18N3-COF 3 wt% 
Pt

AA H2O ≥ 420 nm 292 1.06 (420 nm) 10

TpDTz NiME 
cluster

TEOA H2O AM 1.5 941 0.2 (400 nm) 11

TFA-COF Pt TEOA H2O Full 
wavelengt
h

80 – 12

COF-alkene 3 wt% 
Pt

TEOA H2O ≥ 420 nm 2330 6.7 (420 nm) 13

COF-imide 3 wt% TEOA H2O ≥ 420 nm 34 – 13
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Photocatalyst Co-
catalys
t

Sacrificial agent Solvent Illuminati
on

Activity 
(µmol g-

1 h-1)

AQE (%) Ref.

Pt
COF-imine 3 wt% 

Pt
TEOA H2O ≥ 420 nm 12 – 13

5% Ag-g-C3N4 – TEOA H2O ≥420 nm 586.9 – 14

Ag/SnO2 – TEOA H2O ≥420 nm 700 7.8 (420 nm) 15

Ag/TNF 1% – H2O ≥420 nm 146.7 1.3 (420 nm) 16

PI/Ag-1 – Methanol H2O ≥420 nm 166 – 17

Ag@N/O-C – TEOA H2O AM 1.5 44.9 – 18

AgNS-CdS – Na2SO3 H2O > 400 nm 341 – 19

rGO-AgBr/Ag – TEOA H2O AM 1.5 72.71 2.38% 20

Ag/SnO2/C3N4 – Methanol H2O ≥420 nm 270 – 21

Ag/CQDs/g-C3N4 – TEOA H2O ≥400 nm 626.93 – 22

Ag/PANI/3DOMM-
TiO2-x

– Methanol H2O AM 1.5 420.90 – 23

Ag/N-TiO2-x – Methanol H2O AM1.5 186.2 – 24

Ag/S-TiO2-x – - H2O AM1.5 209.2 – 25

Ag/g-C3N4 1.0 
wt% Pt

TEOA H2O ≥420 nm 625 – 26

Ag/ND/g-C3N4 – TEOA H2O ≥420 nm 158 – 27

Ag2S/KCN-5 0.37 
wt% Pt

CH3OH H2O ≥420 nm 96 – 28

Ag/Ag2Ta4O11/
g-C3N4

– TEOA H2O ≥420 nm 100.44 – 29
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