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SUPPLEMENTARY INFORMATION FOR

Atomistic Understanding of Enhanced Selectivity in
Photocatalytic Oxidation of Benzyl Alcohol to
Benzaldehyde Using Graphitic Carbon Nitride Loaded with
Single Copper Atoms

A.Determination of photocatalytic performance

The photocatalytic performance, i.e., BA conversion, BAL yield, and BAL selectivity, was
calculated using the following equations.
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where Cy is the initial BA concentration (mmol L™"). C; and C, are the concentration of reactant
(BA) and product (BAL) when sampling, respectively.

B. Experimental results
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Figure S1. EDS spectra of (A) 3Cu-CN and (B) 6Cu-CN.



Az B ¢
4 b
o

3 z
L o
=
320 480 640 800 14 26 3.8
Wavelength (nm) Photon energy (eV)
C - w
(og2
g 5
= : I
a s |
g | 21
= S
(100) <—>|
‘ I
> - |
: [
10 20 50 i T

20 (deg )

Figure S2. (A) DR spectra, (B) Tauc’s plots, and (C) XRD patterns with the structural
assignment of the diffraction peaks of (a) CN, (b) 3Cu-CN, and (c) 6Cu-CN.
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Figure S3. PL spectra of (a) CN, (b) 3Cu-CN, and (c) 6Cu-CN.
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Figure S4. XPS spectra of CN at (a) C 1s and (d) N 1s regions, 3Cu-CN at (b) C 1s, (e) N 1s,
and (g) Cu 2p3/2, and 6Cu-CN at (c) C 1s, (f) N 1s, and (h) Cu 2p3/2 regions.
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Figure S5. (A) UV-Vis absorption and (B) gas chromatogram of fresh acetonitrile and after
being exposed to visible light for 3 h without photocatalyst. Chromatograms of the reaction
medium after 3 h of light irradiation with Cu-CN samples, where BAL is the only reaction

product present, are also shown.
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Figure S6. N> adsorption—desorption isotherms of (A) CN, (B) 3Cu-CN, and (C) 6Cu-CN. The
insets are the corresponding pore-size distribution curves.
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Figure S7. (A) UV-Vis absorption intensity of different standard concentrations of H,O,
determined using the iodometric method. (B) Linear fitting for standard H,O, concentrations.
(C) UV-Vis absorption spectra for (a) CN, (b) 3Cu-CN, (c) 6Cu-CN, and (d) BA in acetonitrile
under light exposure without photocatalyst.

Figure S8. TEM images of 6Cu-CN.
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Figure S9. XRD patterns of (a) Cu20 and (b) CuO.
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Figure $10. Proposed structure of a heptazine-based layer with low-coordinated Cu* cations
in 3Cu-CN. Based on the AIMD simulation, the gCN layer is not planar at 27 °C but irregularly

curved, making its cavities (and thus the length of the Cu-N coordination) unsymmetrical and
the Cu-N coordination to exist in more than one configuration.
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Table S1. Partial oxidation of benzyl alcohol over gCsN4-based photocatalysts

Catalyst Precursor@ SeseT Con. Light source t(h) T(°C) BAcon.(mmol L") BAconv. BALsel. Yield-to-Power ratio Ref.
(m2g") (gL7) (%) (%)° (mmol BAL g' h! W)
P-gCsN4 Melamine 4 0.33 Fluorescent lamps (3 x15 W, 340- 4 25 500 (acetonitrile) 5 52 0.21 [1]
P-gCsN4 Urea 16 420 nm) 4 45 0.15
P-gCsN4 Thiourea 28 3 36 0.09
Pt@gCsN4 Melamine 6 0.625 Xe lamp (200 W, >420 nm, 5 n.a. 10 (water) 27 90 <0.01 [2]
P/gCsN4 Urea n.a. 2 LED lamp (64 W, 465 nm) 10 25 50 (acetonitrile, O2) 96 >99 0.04 [3]
gCsN4 Melamine n.a. 0.67 Fluorescent lamps (6 x 15 W, 25 0.5 (water) 29 88 <0.01 [4]
315-400 nm)
gCsNa4 Cyanamide 130 25 Xe lamp (300 W, >420 nm) 3 100 40 (water, 0.8 MPa O3) 10 96 <0.01 [5]
CdS/gCsN4 Melamine 7 6.67 Xe lamp (300 W, >420 nm) 4 60 25.5 (benzotrifluoride, 0.5 MPa N2) 48 93 <0.01 [6]
S-gCsN4 Dicyandiamide 66 5 Xe lamp (300 W, >420 nm) 4 100 100 (trifluorotoluene, 0.1 MPa O2) 19 >99 <0.01 [71
gCsNa4 Cyanamide 200 5 Xe lamp (300 W, >420 nm) 3 100 100 (acetonitrile, 0.8 MPa O3) 70 68 0.01 [8]
NHPI/gCsN4s*  Cyanamide n.a. 10 W-filament bulb (250 W, >420 nm) 22 25 500 (toluene, 5 mL min-' O2) 89 94 <0.01 [9]
gCsNas Melamine n.a. 3.75 Hg lamp (100 W, >400 nm) 3 25 25 (water, O2) 96 82 0.02 [10]
gCsNas Melamine 43 1.67 LED lamps (18 x 1 W, 395 nm) 5 20 2 (acetonitrile) 77 87 <0.01 [11]
gCsNa4 Urea 53 85 85 <0.01
Fe@gCsN4 Melamine n.a. 25 LED lamp (18 W, >400 nm) 3 25 200 (acetonitrile, 3 mL H202) 93 >99 1.36 [12]
MIL/Ag/gCsNs  Melamine 101 0.83 Xe lamp (500 W, >400 nm) 6 25 33.4 (water, O2) 47 97 <0.01 [13]
TiO2/gCsN4 Urea 68 25 Xe lamp (400 W, >400 nm) 4 50 100 (acetonitrile, O2) 42 >99 0.01 [14]
Ru@B-gCsNs  Melamine 25 0.5 UVA lamp (2x18 W, 365 nm) 3 20 0.5 (water) 83 57 <0.01 [15]
Fe203/gCsNs  Melamine 27 1 Hg lamp (125 W, 365 nm) 4 30 100 (acetonitrile, 25 mL min"' O2) 20 34 0.01 [16]
Zn0O/gCsN4 Melamine 10 9 26 <0.01
Cu@gCsN4 Dicyandiamide 13 0.5 LED lamp (0.45 W, 465 nm) 3 25 1 (acetonitrile) 25 96 0.35 This
work

*N-hydroxyphthalimide (NHPI). ®Precursor for the gC3N,. Selectivity to BAL. °Not available.



Table $2. Recycling tests for the BA oxidation

Photocatalyst Cycle BA conv. (%) BAL yield (%) BAL sel. (%)
CN 1 15 3 20
2 16 3 19
3 15 2 13
4 13 2 15
Stored for 8 months 18 3 17
3Cu-CN 1 25 24 96
2 24 22 92
3 25 24 96
4 28 25 90
Stored for 8 months 28 26 93
6Cu-CN 1 21 17 81
2 20 16 80
3 20 17 85
4 18 14 78
Stored for 8 months 20 16 80

Reaction conditions: BA (1 mmol L*, 0.01 mmol), photocatalyst (0.5 g L', 5 mg), and reaction time (3 h).

Table S3. Partial oxidation of BA over CN in the presence of scavengers

Scavenger BA conv. (%) BAL yield (%) BAL sel. (%)
none 15 3 20
AgNOs3 13 2 15
Na2S04 12 2 17
Kl 14 2 14
BQ 10 1 10
t-butanol 15 3 20

Reaction conditions: BA (1 mmol L™, 0.01 mmol), scavenger (5 mmol L, 0.05 mmol), photocatalyst
(0.5 g L, 5 mg), and reaction time (3 h).

Table S4. Partial oxidation of BA over 3Cu-CN in the presence of scavengers

Scavenger BA conv. (%) BAL yield (%) BAL sel. (%)
none 25 24 96
AgNO3 18 15 83
NazSO4 22 18 82
KI 13 10 77
BQ 20 16 80
t-butanol 24 22 92

Reaction conditions: BA (1 mmol L, 0.01 mmol), scavenger (5 mmol L, 0.05 mmol), photocatalyst
(0.5 g L™, 5mg), and reaction time (3 h).

Table S5. Partial oxidation of BA over 6Cu-CN in the presence of scavengers

Scavenger BA conv. (%) BAL yield (%) BAL sel. (%)
none 21 17 81
AgNOs3 16 11 69
Naz2S04 19 14 73
Kl 18 12 67
BQ 18 13 72
t-butanol 20 16 80

Reaction conditions: BA (1 mmol L", 0.01 mmol), scavenger (5 mmol L', 0.05 mmol), photocatalyst
(0.5 g L™, 5 mg), and reaction time (3 h).



Table S6. Partial oxidation of BA in the presence of hole scavengers

Scavenger Photocatalyst BA conv. (%) BAL yield (%) BAL sel. (%)
none CN 15 3 20
3Cu-CN 25 24 96
6Cu-CN 21 17 81
Ki CN 14 2 14
3Cu-CN 13 10 77
6Cu-CN 18 12 67
TEMPO CN 12 2 17
3Cu-CN 7 6 85
6Cu-CN 7 5 71
OA CN 13 2 15
3Cu-CN 14 13 93
6Cu-CN 15 12 80

Reaction conditions: BA (1 mmol L", 0.01 mmol), scavenger (5 mmol L', 0.05 mmol), photocatalyst (0.5 g L', 5 mg), and

reaction time (3 h).

Table S7. Partial oxidation of BA over 3Cu-CN with different reaction conditions

Scavenger(s)  Concentration (mmol L)

BA conv. (%)

BAL yield (%)

BAL sel. (%)

BQ 0 25 24 96
0 (02 flow, 25 mL min', 1 h) 30 26 87
0 (Ultrasonic degassing, 0.5 h, 19 16 84
followed by Ar flow, 25 mL min-', 1 h)
2 21 17 81
4 19 17 89
8 16 14 87
BQ + KI 4+4 3 0 0
BQ+ TEMPO 4+4 0 0 0
BQ + OA 4+4 6 4 67
Reaction conditions: BA (1 mmol L™, 0.01 mmol), photocatalyst (0.5 g L', 5 mg), and reaction time (3 h).
Table S$8. H,O, production determined based on the iodometric method [17-19]
HzOz + 3|_ + 2H+ — |3_ + 2H20
Photocatalyst  H,O, (uM h1) Yield-to-Power ratio (mmol g* h-t W) Ref.
No light CN 0 0
No catalyst - 2 1
CN 13 9
3Cu-CN 25 17
6Cu-CN 16 11
Ni-CN 342 236 [17]
Reaction conditions: BA (1 mmol L", 0.01 mmol), photocatalyst (0.5 g L', 5 mg), visible light 300 mW at 465 nm, and reaction
time (3 h).
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