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Apparent quantum yield calculations

To measure the apparent quantum yield (AQE), the sample was tested in the same 
experimental setup using the same conditions while replacing the 300 W Xe lamp with a 365 
nm monochromatic LED lamp. To perform the calculations, the following parameters were 
used:

Irradiance, 𝐼 = 100 mW cm-2 = 1000 W m-2

Area of effective light 
irradiation,

𝐴 = 8x10-4 m2

Plank’s constant, ℎ =  J s6.626𝑥10 ‒ 34

Speed of light, 𝑐 =  nm s-13𝑥1017

Wavelength of incident light, 𝜆 = 365 nm
Avogadro’s number, 𝑁𝐴 =  mol-16.022𝑥1023

Incident light intensity, ( ) = 𝐼0 𝐼𝑥𝐴

Photon energy, ( ) =  = 𝐸𝑝

ℎ𝑐
𝜆

(6.626𝑥10 ‒ 34 𝐽 𝑠)𝑥(3𝑥1017 𝑛𝑚 𝑠 ‒ 1)
 365 𝑛𝑚

Therefore, the number of incident photons per unit time ( ) can be calculated as:𝑁𝑃

𝑁𝑃 =
𝐼0

𝐸𝑃

The number of moles of incident photons per unit time ( ) can be calculated by dividing  𝑀𝑃 𝑁𝑃

by  such that:𝑁𝐴

𝑀𝑃 =
𝑁𝑃

𝑁𝐴

Finally, AQE is calculated by dividing the moles of reacted electrons by  such that:𝑀𝑃

𝐴𝑄𝐸 (%) =
2𝑥𝐻2𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 + 2𝑥𝐶𝑂𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 + 8𝑥𝐶𝐻4𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑀𝑃
𝑥100



Supporting data

Figure S1: (a) X-ray diffractograms and (b) FT-IR spectra of BGCN (0 h) and EGCN (0.5, 2, 

4 h) samples.



Figure S2: Production rates of the BGCN/rGO and EGCN/rGO samples for (a) H2, (b) CO, 
and (c) CH4. (d) Total production on an electron basis.



Figure S3: TEM micrographs of (a-b) BGCN and (c-d) 2EGCN.



Figure S4: Control tests performed on EGCN/rGO/CBB in the absence of (2) CO2, (3) CO2 
and H2O, (4) the photocatalyst, and (5) light.



Figure S5: Mass chromatography spectra showing (a) fragmented peaks for m/z 28 and 29 
with retention time and (a) relative intensity with respect to m/z ratio after conducting a 2 h 

batch reaction on EGCN/rGO/CBB using isotope labelled 13CO2



Figure S6:  (a) XRD diffractograms and (b) FT-IR spectra of EGCN/rGO/CBB sample 
before and after a 1 hr reaction.



Figure S7: XPS scans of (a) C 1s, (b) N 1s, (c) O 1s, (d) Cs 3d, (e) Bi 4f, (f) Br 3d for 
EGCN/rGO/CBB samples before and after a 1 hr reaction. 

 



Figure S8: (a) Work function values of rGO, 2EGCN, and CBB from Kelvin probe 
measurements. (b) Cube root photoemission data extrapolated to gather valence band edge 

positions of 2EGCN and CBB.
 



Table S1: Summary of production rates of H2, CO, and CH4 for all samples in µmol g-

1h-1 
Production (µmol g-1h-1)

H2 CO CH4

BGCN 0.00  0.00± 2.06  0.24± 0.00  0.00±
0.5EGCN 0.64  0.16± 1.45  0.28± 0.25  0.06±
2EGCN 1.59  0.50± 1.83  0.45± 0.60 0.12±
4EGCN 1.33  0.42± 1.61  0.42± 0.32  0.03±
BGCN/1rGO 0.63  0.29± 5.24  1.03± 0.13  0.05±
BGCN/2.5rGO 1.55  0.21± 7.90  0.89± 0.27  0.05±
BGCN/5rGO 1.33  0.51± 5.23  0.34± 0.17  0.07±
EGCN/1rGO 0.52  0.01± 7.53  1.39± 0.26  0.08±
EGCN/2.5rGO 1.09  0.18± 12.51  1.05± 0.46  0.05±
EGCN/5rGO 1.00  0.17± 11.42  0.15± 0.29  0.03±
BGCN/CBB 0.29  0.16± 7.13  0.76± 0.07  0.02±
BGCN/rGO/CBB 0.92  0.17± 6.72  0.36± 0.13  0.06±
EGCN/CBB 0.50  0.11± 12.88  1.40± 0.21  0.10±
EGCN/rGO/CBB 1.27  0.35± 23.76  0.86± 0.53  0.09±



Table S2: Summary of similar photocatalytic systems reported in literature for 
photocatalytic CO2 reduction.

Photocatalyst Production 
(µmol g-1h-1) Medium Reaction 

conditions Light source Ref. in 
manuscript

H2 1.3

CO 23.8g-C3N4/rGO/Cs3Bi2Br9

CH4 0.5

CO2 (g) saturated with H2O
ambient 

conditions

300 W Xe, AM 
1.5G, 100 mW 

cm-2
This work

40 wt% Cs3Bi2Br9/g-
C3N4

CO 14.2 CO2 (g) saturated with H2O
ambient 

conditions

300 W Xe, AM 
1.5G, 100 mW 

cm-2
[1]

MCM-41/Cs3Bi2Br9 CO 17.2 CO2 (g) saturated with H2O 20 ℃
300 W Xe (  𝜆 ≥

420 nm), 350 
mW cm-2

[2]

CO 2.6

g-C3N4/rGO/NiAl-LDHs

CH4 20.0

CH3CN:TEOA:H2O = 3:1:1 
(v/v/v) 10 ℃ 300 W Xe, 1000 

mW cm-2 [3]

g-C3N4/NiAl-LDHs CO 8.2 CO2 (g) saturated with H2O
ambient 

conditions 
300 W Xe (λ ≥ 

420 nm) [4]

H2 68

g-C3N4/rGO

CH3OH 114

0.2 M NaHCO3 solution 
saturated with CO2

ambient 
conditions

300 W Xe, AM 
1.5G [5]

rGO with g-C3N4/CdS CO 23.93 TEOA/H2O solution saturated 
with CO2

0.4 MPa 300 W Xe [6]

CsPbBr3/g-C3N4 CO 28.5 CO2 (g) saturated with H2O - 300 W Xe (λ ≥ 
420 nm) [7]

Cs3Bi2Br9/BiVO4 CO 70.63 CO2 (g) with H2O
25 °C, 

101.3 kPa

300 W Xe, AM 
1.5G, 100 mW 

cm-2
[8]



Table S3: Summary of the band gap, Work function, and band edge positions of the 
materials

Material Band gap (Eg) / 
eV

Conduction 
band (EC) / eV

Work function 
(φ) / eV

Valence band 
(EV) / eV

GO - - -4.588 -
rGO - - -4.526 -
BGCN 2.9 -3.52 -5.056 -6.39
EGCN 3.1 -3.37 -5.116 -6.48
CBB 2.6 -3.59 -4.319 -6.19



Table S4: Summary of XPS elemental peaks for CBB, EGCN, EGCN/rGO, and 
EGCN/rGO/CBB

Peak binding energy (eV)
EGCN EGCN/rGO EGCN/rGO/CBB CBB

C-C 284.80 284.80 284.80 284.80
(C)3-N 286.28 286.35 286.34 -
C-N-C 288.39 288.29 288.53 -C 1s

O-C=O 289.21 - - -
C-N=C 298.90 398.82 399.01 -
(C)3-N 400.11 400.17 400.34 -N 1s
C-N-H 401.22 401.25 401.59 -

3d5 - - 724.97 724.91Cs 3d3 - - 738.90 738.83
4f7 - - 157.82 -Bi0
4f5 - - 162.93 -
4f7 - - 159.62 159.54Bi3+
4f5 - - 164.93 164.80

3d5/2 - - 69.08 68.83Br 3d3/2 - - 70.19 69.87
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