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Figure S0. Sketch of high-pressure photo-reactor, adapted and reproduced from ! under the Creative

commons licence.

*COy~ > *COy +——**CO,

I

*CO +*0,
-20H" + 2e"+2H,0
-20H + 2e"+H,0 v -20H + 2e"+2H,0
HCOOH & >HCHO > CH,OH
CO/COZ +H2 /

Scheme S1. Scheme of products formation during photoreduction of CO» at pH = 14. Reproduced from

% yunder the Creative Commons Attribution (CC BY) license.



Transmission Electron Microscopy

Figure S1. TEM images of GC550 bulk at different magnifications.



Figure S2. TEM images of exfoliated GC550-120W at different magnifications.



Figure S3. Diffraction patterns of a) and b) GC550; ¢) and d) GC550-120W



Photophysical properties

Evaluation of the band gap energy by Tauc plot method.

In the case of a sample in powders, the diffuse reflectance spectroscopy (DRS) is the most appropriate
experimental technique which allows to determine the value of the band gap energy (Eg) by Tauc plot
method. Using DRS, the Tauc plot can be obtained from calculating the Kubelka-Munk or remission

function, F(R«), according to the following equations:
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F(Rw) hv = C (hv — E,)"

where Ry is the reflectance of the sample for “infinite thickness” (sample thicknesses >1 mm) equal to
the ratio of the reflectance of the sample (Rsample) and reflectance of the standard material (Rstandard), K
and S are the absorption and scattering Kubelka-Munk coefficients, respectively, C is an energy
independent constant, h is the Planck constant, v is the frequency of the incident photon and n is a
coefficient that depends on the kind of involved electronic transition, being: n = 1/2 for direct allowed
transition, n = 3/2 for direct forbidden transition, n = 2 for indirect allowed transition, and n = 3 for

indirect forbidden transition.

For those samples that do not displace an onset in Tauc plot ([F(Rx) hv]'™ vs hv), the Eg is obtained from
the extrapolation of the linear least squares fit of [F(Rx) hv]'/" to zero; otherwise, a double-linear fitting

must be used in the extrapolation of [F(R«) hv]'"™ to avoid underestimation of the E, value.!

Note: Before recording the diffuse reflectance spectra, the powders of our samples were mixed with the
reflectance reference (BaSO4) in a mortar at about 50 % weight ratios. This is a common practice widely
used in the optical characterization of strongly absorbing materials, based on the fact that reflectance is
only sensitive to the relative amount of the absorbing material. The dilution with BaSO4 does not modify
the shape of the spectrum, with differences accounting only for the higher reflectance value as the amount

of non-absorbing matrix is raised; moreover, the Kubelka—Munk function is still applicable since the
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sample/BaSO4 mixture is pressed in millimetric sample holder at “infinite thickness” and does not
transmit any light. Consequentially, in the Tauc plot the shape of [F(R») hv]'™ does not change with the
dilution ratio, there is only a vertical translation of the function; therefore, applying a double-linear fitting
in the extrapolation of [F(Rx) hv]'" the E, value can be estimated and more important this value does not

depend on the dilution ratio 2.

As observed in the previous note, since the Eg value evaluated by Tauc plot method depends only on the
shape of [F(Rx) hv]"" and since the sample/BaSO4 mixtures were approximately 50 % weight ratios, we
have decided to normalize the Kubelka—Munk function (Fx(Rx)) to get a better comparison of results and
subsequently to apply the Tauc plot with a double-linear fitting in the extrapolation of [Fn(Rx) hv]'™ to

estimate the Eg value.
Photoluminescence properties

Time-resolved fluorescence curves were fitted using a multi-exponential function:

n

10 = ) a@en ()

i=1

where 7 is the number of exponentials, o; () is the amplitude at wavelength 1 and 7; is the lifetime of the
component i. The quality of the fit was evaluated through the reduced y? values. In case of multi-

exponential decay, it is possible define an average lifetime as °:

_ i @it}
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A description of the experimental setup and measurement method of the absolute photoluminescence

quantum yield (@) can be found in the article of K. Suzuki et al. * ® is calculated through Equation:

PN (Em) f 7 [1zamete oy — rgeferenee ()] dz

~ PN (4bs) [ A
( S) fm[lsample(/l) _ Ireference(/l)]dll

exc exc

where PN(Em) is the number of emitted photons, PN(Abs) the number of absorbed photons, A the

wavelength, h the Planck constant, ¢ the speed of light, I:zlmpleand I ;enf eTENC are the photoluminescence

intensities of the sample and reference, respectively, Ioer P and Ig,‘jg‘m"” are the excitation light
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intensities of the sample and reference, respectively. PN(Em) is calculated in the wavelength interval [A;,
At], where A; is taken 10 nm above the excitation wavelength, while Ar is the upper end wavelength in the

emission spectrum. The error made was estimated at around 5%.

Optical properties of the g-C3N4 samples.

Band gap energy (E,) has been evaluated by Tauc plot ([Fn(Rx) hv]'™ vs hv) method with coefficient

n=2 (indirect transition) for all samples °. Fx(Rx) is the normalized the Kubelka—Munk function.
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Figure S4. Tauc plot of as-synthesized GC550. Red lines represent the extrapolation of the double linear
fitting.
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Figure SS. Tauc plot of as-synthesized GC600. Red lines represent the extrapolation of the double linear
fitting.
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Figure S6. Tauc plot of GC550-30W. Red lines represent the extrapolation of the double linear fitting.
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Figure S7. Tauc plot of GC550-60W. Red lines represent the extrapolation of the double linear fitting.
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Figure S8. Tauc plot of GC550-90W. Red lines represent the extrapolation of the double linear fitting.
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Figure S9. Tauc plot of GC550-120W. Red lines represent the extrapolation of the double linear fitting.
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Figure S10. Tauc plot of GC600-120W. Red lines represent the extrapolation of the double linear fitting.
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Figure S11. Results obtained from g-C3N4 calcined at 600°C: (a) Normalized Kubelka-Munk function

(b) Photoluminescence quantum yield (®) (c) Normalized emission spectra (Excitation wavelength at

360 nm) and (d) Normalized excitation spectra of the as-synthesized g-C3N4 and exfoliated samples.
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Time-resolved fluorescence decay measurements obtained exciting at 374 nm at the emission peak of the

as-synthesized g-C;Ny4 and exfoliated samples
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Figure S12. Lifetime measurement of as-synthesized GC550. Emission 466 nm, Excitation 374 nm.
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Figure S13. Lifetime measurement of as-synthesized GC600. Emission 463 nm, Excitation 374 nm.
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Figure S14. Lifetime measurement of GC550-30W. Emission 461 nm, Excitation 374 nm.
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Figure S15. Lifetime measurement of GC550-60W. Emission 460 nm, Excitation 374 nm.
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Figure S16. Lifetime measurement of GC550-90W. Emission 447 nm, Excitation 374 nm.
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Figure S17. Lifetime measurement of GC550-120W. Emission 439 nm, Excitation 374 nm.

15



Data GC600-120W E_374nm E_444nm
— Fit

100000
= 5.06ns 45.49%

T
1
— 0,
10000 1, = 2149ns 3553%
o 1, = 156.97 ns 18.98%
2 3
3 1000 T, = 122.13 ns
(&)
100
10
(_“ T T T T T T T
3 0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10°
D ¥ =1.556
o 10
T 5
Q
% 0
K] ° T T T T T T T T T T
; 2 2 2 2
0.0 2.0x10 4.0x10 6.0x10 8.0x10
Time (ns)

Figure S18. Lifetime measurement of GC600-120W. Emission 444 nm, Excitation 374 nm.

Table S1. Lifetime of the as-synthesized graphitic carbon nitride and US-exfoliated samples.

T Tav
Aex =374 N~ Aem = Amax 374nm=> Anax

1= &llns 55.69%
as-synthesized GC550 .= 4991ns 4431% 42.82 ns

Sample

1= 794ns 53.12%
as-synthesized GC600 T,= 63.86ns 46.88% 56.96 ns

1= 477ns 50.09%
GC550-30W 2= 19.73ns 31.40% 110.93 ns
3= 142.06ns 18.51%
1= 5.19ns 44.28%
GC550-60W .= 2324ns 34.44% 116.35 ns
3= 148.10ns 21.28%
1= 460ns 41.38%
GC550-90W = 18.05ns 38.65% 122.58 ns
3= 153.66ns 19.97%
1= 507ns 46.76%
GC550-120W 2= 2034ns 33.28% 126.50 ns
3= 158.48ns 19.96%
1= 5.06 ns 45.49%
GC600-120W 2= 2149 ns 35.53% 122.13 ns
73 = 156.97 ns 18.98%
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N physisorption analysis
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Figure S19. Adsorption and desorption isotherms for: A) GC-550; B) GC-550-120W; C) GC-600; D)

GC-600-120W.
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