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§ S1-1. Synthesis of g-CN powders

In the present work, g-CN powders were synthesized by thermal condensation of the cyanuric
acid/melamine supramolecular complex according to the reaction scheme depicted in Figure 1a.!!
Specifically, 1 g of melamine (M — Sigma Aldrich) and 1 g of cyanuric acid (C — Sigma Aldrich) were
separately suspended in 50 mL of deionized water. After heating at 60°C until complete solubilization,
the cyanuric acid solution was added dropwise to the melamine one under continuous stirring,
yielding a white suspension of the cyanuric acid/melamine supramolecular complex (CM complex).
After heating for 1 h, the suspension was filtered and the adduct was washed twice with 20 mL of
water:ethanol 1:1 solution. The product was then dried in an oven at 60°C for 3 h under Ar
atmosphere. Subsequently, the obtained powders were suspended in ethanol/ethylene glycol solution
(45 mL/15 mL) and heated at 90°C for 3 h under stirring, to promote the ethylene glycol intercalation
into CM layers. The resulting suspension was filtered and the product was washed twice with 20 mL
of water:ethanol 1:1 solution and dried in an oven under the previously mentioned conditions. Finally,
the powders were annealed at 500°C for 2 h in air (heating rate = 3°C/min) to induce the

polymerization to carbon nitride, ultimately yielding a light-yellow product.

§ S1-2. Chemico-physical characterization of g-CN powders

In line with our previous results,!'*! FT-IR analysis of the obtained powders (Figure S1a) confirmed
the formation of a heptazine-based graphitic carbon nitride featuring an appreciable amount of
uncondensed -NHy groups (x = 1,2).[" 3 X-ray diffraction (XRD; Figure S1b) evidenced an intense
reflection at 20 = 27.2°, attributable to the stacking of (002) graphitic planes, accompanied by a
weaker signal at 20 = 12.8°, arising from heptazine units periodicity in the (100) plane.'¥! The average
crystal size, estimated through the Scherrer equation, was 5 nm, revealing a nanosized structural
organization. Field emission-scanning electron microscopy (FE-SEM) analyses highlighted a
homogeneous and porous morphology, consisting of folded and interwoven exfoliated sheets (Figure
Slc). Compared to bulk g-CN,") the obtainment of a similar open morphology is expected to favor
the dispersion and interaction with Pt nanoparticles, boosting the system electrocatalytic behavior

(see below).
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Figure S1. (a) FT-IR spectrum, (b) XRD pattern and (c) representative FE-SEM images for graphitic
carbon nitride powders used for the preparation of g-CN-based electrocatalysts.
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§ 82-1. Preliminary electrochemical characterization: influence of the annealing conditions

As reported in the main paper, g-CN-Pt samples synthesized using a Pt sputtering time of 60 min and
the corresponding Pt-free systems were preliminarily tested by linear sweep voltammetry (LSV) both
as-prepared and after annealing at 400°C for 2.5 h under air or under Ar. These tests (Figure S2)
revealed that post-synthetic treatment conditions had a remarkable influence on current density
values, that increased according to the following order: as-prepared samples < air-annealed samples
< Ar-annealed samples. This trend highlighted that Ar-annealing resulted in a favorable g-CN/Pt
interfacial contact, avoiding at the same time an excessive surface oxidation of Pt NPs [compared to
air-annealed systems; see X-ray photoelectron spectroscopy (XPS) data]. Interestingly, data in Figure
S2 also point out that: 1) all samples yield higher current densities under illumination, an effect traced
back to the photoactive nature of g-CN;[l ii) the performances of g-CN-Pt composites were
systematically lower than the corresponding Pt-free systems. Basing on the results presented and
discussed in the main paper, this apparently surprising behavior was related to the relatively large size

of Pt NPs, that does not allow to efficiently exploit the g-CN/Pt interfacial interactions.

0.3 -
1 — scN@n (a) | (b)" Dark
0.50 + | 0.25 - m Light
_ 0.40 — — (f]\i(l]()ll(‘) 0.2 -
“E 4 — g-CN-Pt(none) “E
)
S 030+ % 0.15 -
g T g
=  0.20 - = 0.1 -
0.10 — / 0.05 ‘
0.00 T T rrrr 1 rrrrpr1 0 Qa
al
1.00 1.25 1.50 (}\"Q& q&@ '0 Qﬁ\\? é\? Q‘\
E vs. RHE (V) ¢ & ¥ £ & S
%

Figure S2. (a) LSV curves collected under irradiation in 0.5 M KOH + 1.3 M EtOH aqueous
solutions. (b) Current density values measured at 1.55 V vs. the reversible hydrogen electrode (RHE)
in the dark and under illumination. Both panels refer to g-CN-Pt composites synthesized using a
sputtering time of 60 min and bare g-CN systems subjected to different final thermal treatments (none

= as-prepared; air = air-annealed; Ar = Ar-annealed).
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§82.2 Chemico-physical and electrochemical characterization

8 - 7/
(2) g #43(b)
. 4
40 =
= carbon paper i
— 3.CN_PY(15) o 36 - — g-CN-Pt(15)
g | — sexrio) s ] —— g-CN-Pt(60)
+ | — g-CN-Pt(60) = 4
2 ~ 32 —
= = .
E 2 ]
g = 28 -
= 2
£ 24
— ] //
20 7
l . //
16 i
IR L N L N R R NN R AR RN R rfrrrrJrrrrJyrrrrprrrrr
10 20 30 40 S50 60 2.50 2.75 3.00 3.25 3.50
20 () hv (eV)

Figure S3. (a) XRD patterns for g-CN, g-CN-Pt(X) specimens and for the bare carbon paper support.
For the latter specimen, the inset shows a magnification of the pattern in the range 23 = 35-60°. (b)
Tauc plots for g-CN, g-CN-Pt(15) and g-CN-Pt(60).

Figure S4. Energy dispersive X-ray spectroscopy (EDXS) elemental maps, recorded on the
corresponding electron images, for (a) g-CN-Pt(30) and (b) g-CN-Pt(60). Quantification of N and Pt
content yielded the following weight compositions, g-CN-Pt(30): N = 99.1%; Pt = 0.9%; g-CN-
Pt(60): N =97.1%; Pt = 2.9%.
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Figure S5. XPS wide-scan spectra for bare and Pt-containing systems. Beside Ar-annealed samples,

the figure also displays the survey of an air-annealed specimen, characterized by a higher oxygen
relative content.
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Figure S6. N1s photoelectron peaks for: (a) g-CN, (b) g-CN-Pt(15), (c) g-CN-Pt(60), and (d) g-CN-
Pt(60-air). The similar peak shape and comparable relative contribution of the various fitting

components reveal that g-CN compositional features were almost unaffected by the sputtering process
and annealing conditions.
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Figure S7. Pt4f photoelectron peaks for: (a) g-CN-Pt(15), (b) g-CN-Pt(60), (c) g-CN-Pt(60-air).
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Figure S8. O1S photoelectron peaks for: (a) g-CN, (b) g-CN-Pt(15), (c¢) g-CN-Pt(60), (d) g-CN-
Pt(60-air).

Sample LHGETE 0 atonl:itgatio aton(l)i/cp:atio [Pt(II/)I’-:zf(IV)]
g-CN-Pt(15) 2.1 0.05 1.14 0.52
g-CN-Pt(30) 4.5 0.18 1.05 0.38
g-CN-Pt(60) 8.8 0.37 0.57 0.33

g-CN-Pt(60-air) 6.3 0.21 1.26 0.67

Table S1. XPS quantitative analysis for g-CN-Pt composite samples. Values in the last column

correspond to the ratio between the [Pt(I1)+Pt(IV)] fitting doublets to the overall Pt4f peak area.
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Figure S9. (a) Representative FE-SEM image for g-CN-Pt(60-air). (b) Histogram of Pt particle size
distribution for the same specimen. (¢c) EDXS elemental maps, recorded on the corresponding electron

image.
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Figure S10. Pt NPs size distribution for specimen g-CN-Pt(30), obtained by the statistical analysis of
130 particles.
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g-CN-Pt(30)

Figure S11. Representative high angle annular dark field-scanning transmission electron microscopy
(HAADF-STEM) image of g-CN and g-CN/Pt interface, and simultaneously acquired EDXS-
scanning transmission electron microscopy (STEM) elemental maps of C, Pt, and N, along with

overlaid color image.
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g-CN-Pt(60)

Figure S12. (a) HAADF-STEM overview and (b) magnified image of g-CN/Pt nanostructures of g-
CN-Pt-60. Bright-contrast Pt nanoparticles are evenly distributed over dark-contrast g-CN. (c)
EDXS-STEM overlaid color image showing C, N, and Pt distribution (color codes: C, blue; N, green;
Pt, red). (d) Bright field high resolution (HR)-TEM overview and (e) magnified image of g-CN/Pt
interface region and of selected Pt nanoparticles. The corresponding electron diffraction (ED) pattern

[inset in panel (d)] resulted from a superposition of rings related to Pt and g-CN.

g-CN-Pt(60)

HAADF-STEM

Figure S13. Low magnification HAADF-STEM images of g-CN and g-CN/Pt interface and
simultaneously acquired EDXS-STEM elemental maps of C, Pt, N, along with overlaid color image.
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Figure S14. Histogram reporting the Pt NPs size distribution for specimen g-CN-Pt(60), obtained by
the statistical analysis of 130 particles.
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Figure S15. LSV curves obtained in KOH 0.5 M (blue) and KOH 0.5 M + EtOH 1.3 M (red) for (a)
g-CN and (b) g-CN-Pt(15), in the dark and under illumination.
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Figure S16. Cyclic voltammetry (CV) curves recorded in KOH 0.5 M (blue) and KOH 0.5 M + EtOH
1.3 M (red) for g-CN-Pt(15) sample under illumination. The arrows mark the scan direction.
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Figure S17. Comparison of electrochemical performances of g-CN-Pt(30) with Pt(X) samples. (a)
LSV curves obtained in KOH 0.5 M + EtOH 1.3 M under irradiation. (b) Current density in the dark
and under illumination at 1.55 V vs. RHE.
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Figure S18. (a) Nyquist plots collected on sample g-CN-Pt(30) in KOH 0.5 M + EtOH 1.3 M in the
range 1.50-1.65 V vs. RHE. The decrease of the curve diameter upon illumination and for higher bias
values is an indication of a lower charge transfer resistance. (b) Resistance values as a function of the
applied potential for sample g-CN-Pt(30) collected in the dark and under irradiation. The decrease of
the dark-light difference at higher potentials can be ascribed to the predominance of electrocatalytic
charge transfer from the catalyst to the solution with respect to the photocatalytic one. Resistance
values were obtained from EIS plots fitting by using a single mesh RC equivalent circuit composed
by a parallel resistor and a constant phase element.
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Figure S19. LSV curves under illumination collected on fresh samples (solid lines) and repeated after

three (dotted line) and six months (dashed lines), upon storage of the specimens under ambient

. j1.55 ABPEmax | Tafel slope

Material Electrolyte (Aeme) (%) (mV/dec)
g-CN 0.30 1.0 179
g-CN-Pt(15) KOH 0.5 M + 0.36 1.53 145
g-CN-Pt30) | OHI13M 0.58 1.59 9%
g-CN-Pt(60) 0.20 1.46 159

under illumination.
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Table S2. Summary of representative photoelectrochemical results for g-CN and g-CN-Pt(X)
specimens: photocurrent densities at 1.55 V (j1.s5) vs. RHE, relative applied bias photon-to-current

efficiency ABPE maximum (ABPEnax) normalized with respect to bare g-CN, and Tafel slope values




Material Electrolyte j (mA/cm?) | j (mA/mg) Ref.
KOH 0.5 M + “ a .
g-CN-Pt(30) EtOH 1.3 M 0.58 584 This work
Pt/g-CN EtOH 1 M 0.02 123
KOH 1M + B
Pt/g-CN EtOH 1 M n.a. 17.5
[8]
KOH 1 M + 4
Pt/g-CN/MoS: EtOH 1 M n.a. 165.5
Pd@ g-CN FtOH 1 M n.a. 8.6
. NaOH 1 M + “ [10]
Ni/g-CN FtOH 3 M n.a. 190.5
KC10.1 M +
Ni-PHI/PIM-1 | KH2PO4 20 mM 0.35¢ n.a. [t
+ EtOH 50 mM
Pt/g-CN CHsOH 1 M 0.21 n.a.
Pt/g-CN CHsOH 1 M n.a. =520
Pt/CNx CH:OH 1 M 0.46 310
NaOH 1 M + b [14]
Pd/g-CN CHsOH 1 M n.a. 67
NaOH 0.1 M + aqch [15]
Pt/C EtOH 1 M n.a. =315
NaOH 0.1 M + 0 Anb e b [16]
Pt/C FtOH 0.01 M ~0.22 =5.5
KOH 1 M + . b - b [17]
Pt/C EtOH 1 M ~12 ~40
Pt/C FtOH 5.5 M ~3.1 ~3.1
H>SO4 0.5 M + - b [19]
Pt/C EtOH 1 M n.a. ~150
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PY/C NEa%Iilodil\ff 0.08" 100" [20)
PY/C Ié%lj (;)H5 11\4M+ na 200" 22
PH/C %ﬁ}%‘é %\I 5.6 1770 23]
Pt/C }éﬁngl i\/IN-[F na. ~55P [13]
Pt/C Iéﬁ%}(l) 52 é\/INJ[r ~6.0" ~6.0? (18]
PY/C }(13(}:11%}(1) ‘(}. ivINf na. 140" 24)
Pt/C %%%‘}?g%\; n.a. ~60° [25]
P/OMC Hé%?6%51%+ na 93.9" [26)

Table S3. EOR and methanol oxidation reaction (MOR) performances of selected electrocatalysts
based on carbon nitride or other carbonaceous supports functionalized with Pt or similar metals. n.a.
= data not available. 2 light conditions; ® dark. OMC = ordered mesoporous carbon. CV = commercial
Vulcan XC-72 carbon black.
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§ 82.3 Chemico-physical characterization after photoelectrochemical tests

To evaluate the system stability, chemico-physical characterization of selected specimens was
performed after storage under ambient conditions for six months, during which each sample was
photoelectrochemically tested every 90 days.

Comparison of FT-IR spectra collected before and after electrochemically testing the developed g-
CN-based electrodes revealed no appreciable compositional/structural changes, highlighting a good
operational stability (see Figures S20a-b). Analogous conclusions were drawn from FE-SEM
(compare Figures S20c-d with Figures 3c-d) and XPS (compare Figures S21-S22 with the

corresponding samples in Figures 4 and S5-S7) results.
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Figure S20. FT-IR spectra before and after electrochemical tests for (a) g-CN-Pt(15) and (b) g-CN-
Pt(30). Representative FE-SEM images after electrochemical tests for (¢) g-CN-Pt(15) and (d) g-CN-
Pt(30).
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Figure S21. (a) Wide-scan XPS spectra after electrochemical tests for g-CN-Pt(15) and g-CN-Pt(30).
XPS atomic percentage (at. %) data before (pre-EC) and after electrochemical tests (post-EC) for (b)

g-CN-Pt(15) and (c) g-CN-Pt(30).
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Figure S22. Nls and Pt4f XPS photopeaks for (a,b) g-CN-Pt(15) and (c,d) g-CN-Pt(30) after
electrochemical tests.
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