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Experimental
Preparation of 2D CN
2D CN was prepared by two-step calcination and thermal exfoliation method. Briefly, 10g of urea was
calcined to 550 °C at a heating rate of 10 °C/min and maintained for 4 hours. After it was naturally
cooled to room temperature, the mixture was grounded in an alumina crucible to get the uniform bulk

carbon nitride. The bulk carbon nitride was calcined at 550 °C for 0.5h, and then took out after cooling

down to the room temperature. The obtained light-yellow powder was 2D CN (yield=37.5%). It should

be noted that in order to ensure the repeatability of the experiment, we did not blindly pursue to obtain

single or few layers of ultra-thin carbon nitride. .

Preparation of BMCN

The brown mesoporous carbon nitride was synthesized through calcining the mixture of the 2D CN and
NaH,PO, at certain temperatures. In details, 100 mg 2D CN and certain amounts of NaH,PO, were
ground thoroughly to get a uniform mixture, then the mixture was heated to 425 °C under the argon
atmosphere and kept for one hour. The obtained sample was washed with water and alcohol for several
times to remove impurities. The mesoporous brown carbon nitride was obtained after a vacuum drying

progress for an overnight. According to the amount of the used NaH,PO,, the final prepared brown



mesoporous carbon nitride photocatalysts were named as BMCN-X in which X indicated the quality of
NaH,PO,.
Photoelectrochemical measurement
A certain amount of sample was weighed and dispersed in water under ultrasonic to get a uniform
Img/mL suspension. Then, 50uL of the suspension was dropped onto a piece of 0.5 cm? (1 ¢cm x 0.5
cm) indium tin oxide (ITO)-coated with a pipette. Working electrodes were got after the suspension was
dried under the infrared lamp irradiation. The photocurrents of the samples were tested on the CHI660
B electrochemical analyzer (Shanghai Chenhua, China) under a S00W Xe lamp irradiation. Ag/AgCl
(saturated KCI solution), and platinum (Pt) wire were used as the reference electrode, and the counter
electrode, respectively. The working potential was —0.3 V (vs. Ag/AgCl).
Photocatalytic activity measurement

10 mg of the catalyst was dispersed in the 100 ml solution of water and triethanolamine (TEOA), and
the volume ration of water: TEOA is 9:1. The fresh prepared chloroplatinic acid solution was used as
the Pt source and the loading amount was 3%. The reactor was under ultrasonic treatment for 15 minutes
to get a uniform suspension. The photocatalytic H, production experiments were carried out by using a

300W Xe lamp equipped with a 420 nm cut-off filter (A > 420nm) under vacuum.
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Figure S1. AFM results of the 2D CN.




Figure S2. The SEM image of the bulk carbon nitride

After immersed in 10% TEOA solution for3 months

Intensity(a.u.)

BMCN-50

10 20 30 40 50 60 70 80
2-Theta(Degree)

Figure S3. XRD results of the BMCN-50 after being immersed in 10% TEOA solution for 3 months.
It demonstrated that the XRD has no obvious change after the BMCN-50 was immersed in 10% TEOA

solution for 3 months.



[
=
=

—=— BMCN-50 0.003 4 —=— BMCN.-50
—&— BMCN-50 (After reaction) —#— BMCN-50 (After reaction)
120 4
7 1001 1 0.002
e’..=- 8‘] J r'E
S <
z =1
£ 604 = 0.0011
] <
= 404
204 0.0004
00 02 04 06 08 10 4 6 8 10 12 14
Relative Preesure(P/P,) Pore diameter(nm)

Figure S4. N, adsorption-desorption isotherms curves and pore size distribution curves of BMCN-50

after photocatalytic reaction

The N, adsorption-desorption isotherms curve of BMCN-50 after photocatalytic reaction still remains
Type IVa (mesopores, Cylindrical pore shape). The BET surface area of BMCN-50 after photocatalytic
reaction is 109.69m?/g. The pore size distribution of BMCN-50 after photocatalytic reaction is similar
to that of pristine BMCN-50. The pore volume of pristine BMCN-50 and BMCN-50 after photocatalytic

reaction is 0.171 and 0.177cm?/g respectively.
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Figure S5. XPS valence band spectrum of 2D CN and BMCN-50.
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Figure S6. TRPL decay spectra of 2D CN and BMCN-50

Average lifetime of two specimens is calculated according to the following formula:
Ty = 21T T T2

*1, and 1, are lifetime; a; and a, are normalized pre-exponential factors.

The average lifetime of BMCN-50 decreases to 2.73ns, almost a quarter of 2D CN’ average lifetime.
(9.84ns)

Figure S7. Photograph of Full glass automatic on-line trace gas analysis system (Labsolar-6A, Beijing



Perfectlight)

Calculation of apparent quantum yield

*The apparent quantum yield (AQY) was measured by inserting an appropriate band pass filter in front
light source. And the other conditions are similar to the one for hydrogen evolution measurement.

The radius of light spot is 1 cm
The area of light spot is 3.14 cm?

The average light intensity is determined as follows:

Ecentre 2 % (Eedgel + Eedgez + Eedge3 + Eedge4)/4

3 3
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Schematic illustrations of the illuminated photocatalyst area in particle suspension

wavelength H; Evolved of H; Evolved of AQY Of AQY of
2D CN BMCN-50 2D CN BMCN-50
A=420nm 32.89umol 42.26pumol 3.23% 4.15%
A=435nm 9.93umol 43.16umol 0.92% 4.00%
A=450nm 2.48umol 39.73umol 0.22% 3.52%
A= 550nm Opmol 0.72pmol 0% 0.50%

Take BMCN-50 as an example:

A=420 nm:
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The comparison of activity and apparent quantum yield of the reported g-C3Ns-based

photocatalysts.
Photocatalyst Reaction BET AQY Ref.
condition
3 wt% Pt co- 4.15% (420 nm)
BMCN catalyst 109.822 mz/g 4% (435 nm) This work
10% TEOA 3.52% (450 nm)
solution 0.5% (550 nm)
10 mg catalyst
1 wt% PtS, co-
catalyst
0.7% (420 nm)
PtS,/MCN 10% TEOA 110.69 m%/g 1
0.38% (450 nm)
solution
50 mg catalyst
3 wt% Pt co-
catalyst
13% (500 nm) )
RPCN 10% TEOA 13.8 m?/g
0.84% (700 nm)
solution
20 mg catalyst




0.9wt% Pt and 3

4.59% (420 nm)

wt% Co(OH); co-| CNN: 179.33 m?/g 2.61% (425 nm)
CNN/BDCNN catalyst BDCNN: 227.69 m?%/g 1.07% (450 nm)
Ultrapure water 0.34% (500 nm)
20 mg catalyst
3 wt% CoP co-
catalyst
12.4 % (420 nm)
CoP/g-C;3N, 15% TEOA N/A 7.5 % (440 nm)
) 3.8 % (460 nm)
solution,
50 mg catalyst
0.3g NiCl,.6H,O
10% TEOA
NiL/CN-DAPS N/A 2.15% (450 nm)
solution
50 mg catalyst
3 wt% Pt co-
catalyst Ultrapure
Cring-C3Ny N/A 5% (420 nm)
water
10 mg catalyst
16% (420 nm)
CDots-C;5Ny 80 mg catalyst N/A 6.29% (580 nm)
4.42% (600 nm)
1 wt% Pt co-
catalyst
porous PCN-S
20% TEOA 122.6 m?/g 3.56% (420 nm)
solution
50 mg catalyst
3 wt% Pt co-
S-CN catalyst 160 m?/g 0.8% (420 nm)

10% TEOA




solution

20 mg catalyst

g-C:N;

0.35mol/L Na,S
and 0.25mol/L
Nast3

50 mg catalyst

N/A

19.9% (420 nm)

10

g-C3;N4 nanotubes

3 wt% Pt co-
catalyst
10% TEOA

solution

10 mg catalyst

127.8 m?/g

6.8% (420 nm)

11

R-TCN

3 wt% Pt co-
catalyst
10% TEOA
solution

10 mg catalyst

53.14 m?/g

1.9% (420 nm)

12

Carbon Nitride

Needles

3 wt% Pt co-
catalyst
3% TEOA
solution

20 mg catalyst

185 m%/g

1% (420 nm)

13

MnQ,/monolayer

CN

3 wt% Pt co-
catalyst

20 mg catalyst

N/A

23.33% (420 nm)
9.49% (435 nm)
1.04% (450 nm)

14

Nax-CNNTs

3 wt% Pt co-
catalyst

10% TEOA

94 m¥/g

1.8% (420 nm)

15




solution

20 mg catalyst

High-crystalline
g-C3N,y

nanosheets

3 wt% Pt co-
catalyst
10% TEOA
solution

100 mg catalyst

39.24 m?/g

6.17% (420 nm)

16

holey g-C;N,4
nanosheets

3 wt% Pt co-
catalyst
10% TEOA
solution

50 mg catalyst

95.04 m¥/g

2.1% (420 nm)

17

P-TCN

1 wt% Pt co-
catalyst
20% TEOA
solution

30 mg catalyst

13.38 m?/g

5.68% (420 nm)

18

NP550

1 wt% Pt co-
catalyst
20% TEOA
solution

50 mg catalyst

7.8 m?/g

1.6% (420 nm)

19

CQD-implanted
g-C;N4 nanotubes

3 wt% Pt co-
catalyst
25% methanol
solution

50 mg catalyst

119.942 m¥/g

10.94% (420 nm)

20
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